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prevents anginal pain** 
a a increases exercise tolerance?** 
reduces nitroglycerin requirements*”* 


A potent’ regulator of amine oxidase, Marplan has demonstrated a high degree of effectiveness in moderately severe to 
intractable angina pectoris. Improvement on Marplan ranged from a reduction in the number of attacks to virtual abolition of 
the anginal state. With Marplan, anginal relief is enhanced by a more confident mental climate — improving the chances of 
success of the entire prophylactic regimen. However, since the precise manner in which Marplan improves the cardiac status 
is as yet undefined, it is imperative that patients be instructed to maintain the same restrictions of activity in force prior to 
Marplan therapy. Consult literature and dosage information, available on request, before prescribing: 


References: 1. W. Hollander and R. W. Wilkins, in J. H. Moyer, Ed., Hypertension, Philadelphia, W. B. Saunders Co., 1959, ROGHE 
p. 399. 2. R. W. Oblath, paper read at American Therapeutic Society, 60th Annual Meeting, Atlantic City, N. J., June 6, 

1959. 3. N. Bloom, Virginia M. Month., 87:23, 1960. 4. T. Winsor and P. Zarco, Angiology, 11: (Part 2), 67, 1960. 5. G. C. ‘ 
Griffith, Clin. Med., 6:1555, 1959. 6. G. C. Griffith, Dis. Nerv. System, 21 (Suppl.), 101, 1960. Division of Hottmann-La Roche Inc. 
MARPLAN® — 1-benzy!-2-(5-methy!-3-isoxazolyicarbony!) hydrazine 
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S ym postum on Rehabilitation in Cardiovascular Disease 


Puiuie R. LEE AnD SERGIUS BRYNER 


BryAN WILLIAMS AND PAUL D. WHITE 


From extensive experience and with fundamental insight cardiac rehabilitation means “‘a re- 
turn of the patient to the fullest life possible in every sphere of life within the limits imposed 
by his heart disease.’? From extensive experience and with profound insight Williams and 
White propose a simple bill of rights for the cardiac patient which all physicians can profit- 
ably peruse. Other helpful hints on smoking, diet, intercourse, physical activity and work 
are thoughtfully included. 


Cardiovascular Responses to Exercise Concerned in Rehabilitation of Cardiac Patients. 
ERNsT JOKL 


Homeostasis and heterostasis (disengagement from homeostasis) are two key physiologic 
problems upon which rests the understanding of cardiovascular rehabilitation. The latter 
process is primarily determined by the integrated nature of the discharge pattern of impulses 
from the central nervous system. Data from trained and untrained subjects are explained 
on the basis of these two fundamental processes 


Exercise Testing of Cardiac Patients in Evaluating Work Potential . . . . . . 330 
Rogpert M. LEVENSON AND DONALD R. SPARKMAN 


Using a motor-driven treadmill to test physical fitness of cardiac patients for work, these in- 
vestigators observed good correlation in 75 per cent of their patients between clinical esti- 
mations of disability and these results. "They recommend simple forms of exercise tests which 
could provide the physician with a sounder basis for advising his cardiac patients. 


Rehabilitation of the Child with Congenital Heart Disease . . . . . . . =. 335 
Patrick A. ONGLEY AND JAMES W. DUSHANE 


Many everyday problems concerned with the rehabilitation of children with congenital 
heart disease are discussed. 


Survival and Rehabilitationin Coronary Occlusion . . . . . . . . 340 
ARTHUR M. MASTER 


Master paints an optimistic picture for the continued survival and successful rehabilitation 
of patients with coronary occlusion and supports his view with up-to-date statistics. Work 
and unstructured leisure are his talisman for improving the health of heart cases. He denies 
that coronary occlusion is precipitated by work or is an occupational hazard for physicians. 
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is in the outer jacket-held under toe tongue until : 
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rapid relief Mf acute Or anticipated attack. 
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/Ahe citrus ‘'flavor-timer.” 
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inner core—swallowed for slow enteric 
absorption and lasting protection. ” 
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Average prophylactic dose; 1 tablet four times daily. 


Therapeutic dose: 1 tablet held under the tongue 
until citrus flavor disappears, then swallowed. 
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Rehabilitation and Employment of Industrial Workers with Cardiovascular Disease . 350 
E. R. GREER 


Employment of 219 industrial employees with cardiovascular disease over eight years has not 
shown increased mortality, excessive absenteeism or apparent increase in insurance risk. 


Returning the Farmer with Cardiac DiseasetoWork . . 354 
RicHARD P. Gripe, BENJAMIN Z. KLatcH, W. Rotnrock, WILForD 


H. M. Morris AND L. EICHHORN 


The farmer with cardiac disease poses rehabilitation problems because of the nature of his 
work and certain social traits. For the physician concerned with cardiac farmers this article 
offers a comprehensive approach to the proper management of such patients; for others it 
offers an interesting commentary of the value of a sociologically oriented study of environ- 
mental factors, community resources and adequate medical help for farmers with cardiac 
disease. 


Prognosis for Rehabilitation of the Older Adult and the Aged Hemiplegic Patient . . 365 
MIECZYSLAW PESZCZYNSKI 
The prognosis for successful rehabilitation of the aged hemiplegic patient depends in great 
part on the general cardiovascular status. Prolonged bowel incontinence and flexion con- 


tracture of the hemiplegic knee indicate a poorer outlook for rehabilitation. Much more 
study of the psychologic factors is indicated. 


Potential Reversibility of the ee Posture. Results of Reconstructive Surgical 
WALTER J. TREANOR AND GEORGE H. REIFENSTEIN. 


Reconstructive surgery to correct muscular imbalances in adults with spastic hemiparesis was 
performed in 184 patients with varying success. The rationale for such surgery is that the 
greatly improved kinetic balance between antagonistic muscle groups produces better motor 
recovery by a more balanced proprioceptive input to spinal synapses. 


Psychiatric Considerations of Cerebral Vascular Disease . . . . . . . . . 379 
Sau H. FIsHER 
Cerebral vascular disease represents a massive assault on the organism with multiple psy- 


chiatric implications. These mental factors are discussed from the viewpoints of clinical 
management and effective rehabilitations. 


Clinical Studies 


The Effect of Guanethidine in the Treatment of Hypertension. A or: of Twenty- 
Five Patients 386 
MAUDE STEVENSON, NELSON: GoopMan, AND SAMUEL 


BELLET 


Although a useful supplement to other hypotensive agents, guanethidine alone has little 
place in the treatment of hypertension. 
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Proven 


in over five years of clinical use and 
more than 750 published clinical studies 


Effective 


for relief of anxiety and tension 


Outstandingly Safe 


simpie dosage schedule produces rapid, reliable 
tranquilization without unpredictable excitation 


® no cumulative effects, thus no need for difficult 
dosage readjustments 


does not produce ataxia, change in appetite or libido 


does not produce depression, Parkinson-like symptoms, 
P ymp 
jaundice or agranulocytosis 


does not impair mental efficiency or normal behavior 


meprobamate (Wallace) 


Usual dosage: One or two 400 mg. tablets t.i.d. 


Supplied: 400 mg. scored tablets, 200 mg. sugar-coated 
tablets; or as MEPROTABS*— 400 mg. unmarked, coated tablets. 
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The Hypotensive Effects of Chlorothiazide and Hydrochlorothiazide. A Critical Com- 
parison 
J. MARION BRYANT, ATALIO ‘ScHVARTz, MarIA Roguz, Lucian, F LETCHER, 
HARRISON FERTIG AND Dav P. LAULER 


Chlorothiazide and hydrochlorothiazide with and without reserpine demonstrate a sig- 
nificant hypotensive effect. Side effects are infrequent. 


Clinical Observations on the Diuretic Effect of Hydrochlorothiazide. . . . 396 
GaBOR CZONICZER, EDWARD BURWELL, JOHN NILEs, RAPHAEL Remer, 
JOsEPH ROBINSON AND BENEDICT F. MASSELL 


In the therapeutic dosage range the relative amounts of hydrochlorothiazide and chloro- 
thiazide producing the same diuretic effect is generally 1 to 10, in children as well as adults. 


Effect of Reserpine and Syrosingopine on the Rate and rence of the Human 
Heart ; . 404 
WILHELM Hans MARCHET AND > HERMAN C. HERRLICH 


Prolonged administration of small doses of reserpine and syrosingopine lowered the blood 
pressure and reduced the heart rate and, in these subjects, exerted a negative inotropic effect on 
the normal heart, presumably due to depletion of myocardial norepinephrine. An opposite 
reaction of the isometric period in two subjects was attributed to the coexisting hypersensi- 
tivity to catecholamine of catecholamine-depleted cardiovascular tissues. 


Experimental Study 


Angina Pectoris. IV. Clinical and Experimental Difference Between Ischemia with 
S-T Elevation and Ischemia with S-T Depression ._. 412 
EKMEKCI, Toyosuima, JAN K. Kwoczynsk1, TERUO NAGAYA AND 
Myron PRINZMETAL 
A well conceived research design, classic in its simplicity, permits the investigators to dem- 
onstrate primary S-T depression and primary S-T elevation in animals and to correlate these 
changes with similar ones in human beings. S-T segment elevation is associated with more 
severe ischemia than-S-T segment depression. Primary S-T depression also occurs with 
nonischemic conditions due to chemical alterations. It is in no way at variance with the 
principle of reciprocity or other fundamental laws of electrocardiography. 


Historical Milestones 


Description of Circulatory Collapse and ee Thrombosis in the Fifth Centry A.D. 
by Caelius Aurelianus. . . . 
Rupo.pH E. SIEGEL 


Abstracts from the fifth century book “On Acute Diseases and on Chronic Diseases’? by 
Caelius Aurelianus provide a detailed account of the cardiologic knowledge of this era, 
particularly pertaining to circulatory collapse and coronary thrombosis. 
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in coronary artery disease 


with without angina 


Peritrate is basic for both 


because it produces a substantial and sustained 
increase in myocardial blood flow... without sig- 
nificant change in cardiac output, blood pressure, 
or pulse rate 


the patient |with| angina* 


before Peritrate—S-T depression after standard after Peritrate (20 mg., administered 4 hours 
exercise in anginal patient with no history of before exercise test). S-T segment near normal. 
infarction. 


the postcoronary patient |without | angina* 


before Peritrate—Abnormal ECG response to after Peritrate (20 mg., administered 90 minutes 
standard exercise in postinfarction patient with- before exercise test). S-T segment near normal. 
out angina. 


*Electrocardiograms and case histories on file in the 
Medical Department, Warner-Chilcott Laboratories. 


Full dosage information, available on request, should 
be consulted before initiating therapy. 


basic therapy in coronary artery disease 
—with or without angina ie 


Peritrate 


brand of pentaerythritol tetranitrate makers of Tedral Gelusil Proloid Mandelamine 
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Case Reports 


Congenital Heart Disease Associated with Congenital Hypofibrinogenemia. Report of 
a Case Subjected toCorrectiveSurgery . . . ... . 
Jesse F. Minnis, JR. AND E. HARRISON GRIFFIN 
The first case of congenital hypofibrinogenemia and congenital heart disease (pulmonic 
stenosis and partial anomalous pulmonary venous drainage) is reported together with sug- 


gestions for the surgical management of such cases. Bleeding and clotting tests are recom- 
mended as screening tests for hematologic defects before surgery. 


Cor Triatriatum. Successful Diagnosis and Surgical Correction in a Three Year Old 
Ray C. ANDERSON AND RICHARD Varco 


This is a report of the first successful correction of a severe cor triatriatum in a three year old 
- girl. Early diagnosis and corrective surgery is mandatory in this congenital defect. 


Ventricular Tachycardia Responding Solely to Digitalis Therapy. . . . . . . 441 
RicHARD J. GREENWOOD AND FINKELSTEIN 


Intravenous deslanoside produced sinus rhythm in a sixty year old man with ventricular 
tachycardia. 


Intractable Ventricular Tachycardia. Unusual Mode of Conversion to Normal 
Rhythm Following Intravenous Procaine Amide . . . . . . . . 445 
RaymonD J. Kokow1cz 


A total of 3,940 mg. of procaine amide injected intravenously over an eighty minute period 
converted a paroxysmal ventricular tachycardia of twenty-eight days’ duration to sinus 
rhythm. 


Persistent Ventricular Tachycardia. Report of a Case ee: Treated with sa 
Large Intraveous Doses of Procaine Amide... 449 
H. CoLuierR WRIGHT AND Rosert K. Davis 


Large repeated doses of procaine amide successfully converted ventricular tachycardia to 
sinus rhythm. 


Diagnostic Shelf 


Graphic Expression of the Palpatory and Auscultatory SignsofA-V Fistula. . . . 454 
Morton Raymond E. REICH AND ALDO A. LUISADA 


A graphic demonstration of the palpable thrill and auditory bruit in an A-V fistula of the 
popliteal vessels. 
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for cardiac arrhythmias... obvious advantages 


SQUIBB PROCAINE AMIDE HYDROCHLORIDE 


Pronestyl offers obvious advantages over quinidine and procaine in the management of cardiac 
arrhythmias: Procaine amide |Pronestyl] should be a “drug of choice in arrhythmias of ventricular 
origin.” '—administered |.V., Pronestyl is better tolerated than a corresponding |.V. dose of 
quinidine—administered |.M., Pronestyl acts faster than |. M. quinidine?—Pronestyl sometimes stops 
arrhythmias which have not responded to quinidine? +—Pronestyl may be used in patients sensitive 
to quinidine—more prolonged action, less toxicity, less hypotensive effect than procaine—no CNS 
stimulation such as procaine may produce. 
Supply: For convenient oral administration: Capsules, 0.25 gm., in bottles of 100. 

For |. M. and |. V. administration: Parenteral Solution, 100 mg. per cc., in vials of 10 ce. 


References: 1. Zapata-Diaz, J., et al.: Am. Heart J. 43:854, 1952. 2. Modell, W.: in Drugs of Choice, C.V. Mosby Co., St. Louis, 1958, p. 454. 
3. Kayden, H. J., et al.: Mod. Concepts Cardiovasc. Dis. 20:100, 1951. 4. Miller, H., et al.: J.A.M.A, 146:1004, 1951, 
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balanced 
diuresis... 


cardiac edema - congestive 
heart failure - premenstrual 
tension - edema of pregnancy 


toxemia of pregnancy - obesity 
often invaluable in: epilepsy 
Menieére’s syndrome - glaucoma 


Ample diuresis for the usual edema- 
tous patient... gentle...without 
excessive distortion of electrolyte 
or normal water patterns...without 
effect on blood pressure. 

Scored tablets of 250 mg. Ampuls of 500 mg. for ceca use. 


LEDERLE LABORATORIES, a Division of AMERICAN CYANAMID COMPANY, Pearl River, New York ED 
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DRAMATIC 


physical and emotional 
relref in 


ANGINA 
PECTORIS 


‘round-the-clock 
protection against 
both pain and fear 


COROVAS 


Tymeaps COROVAS is a nontoxic, uniform- 
acting, long-acting vasodilator to control 
or prevent attacks of angina pectoris. One 
COROVAS Tymcap upon arising provides 
up to 12 hours of continuous coronary 
vasodilation, and another COROVAS 
Tymcap before the evening meal affords 


maximum protection against seizures all 
night. COROVAS alleviates the associated 
fear of pain. Reduces the need for emer- 
gency nitroglycerin. Safe and effective for 
long-term therapy. 


SUPPLIED — Boxes of 60 and 120. 


PROLONGED, SUSTAINED ACTION OF VASODILATING PENTAERYTHRITOL TETRANITRATE 


(PETN) 30 MG., AND SEDATIVE SECOBARBITURIC ACID 50 MG. IN EACH COROVAS TYMCAP. 
As with all nitrates, use with caution in glaucoma. 


AMFRE GRANT, INC. 


Brooklyn 26, N. Y. 
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Complete 


physiologic 
monitoring facilities 


SANBORN “760” EQUIPMENT FOR USE IN SURGERY + CATHETERIZATION +» POST-OPERATIVE OBSERVATION + TEACHING 


SAFETY and SIMPLICITY are primary 
characteristics of this new series of 
monitoring ’scopes, indicators and pre- 
amplifiers. Protective networks, current 
limiting circuitry and low-voltage tran- 
sistorized preamplifiers are key elements 
insuring safe operation in the presence 
of explosive gases. All units are designed 
for easy, straightforward operation and 
use—by simple front-panel controls... 
clear, well-defined and well-separated 
waveform presentation on 17” scope 
screen ... orderly, uncluttered inter- 
connection of units, and signal input 
cables from patient . . . wide mounting 
flexibility permitting shelf, table, wall, 


MEDICAL & 


ceiling or mobile cabinet location of units. 


' FLEXIBILITY to meet specific require- 


ments is another important advantage 
of ‘‘760’’ equipment — provided by a 
choice in preamplifier types, instrument 
groupingsand locations, ‘‘expandability’’ 
by adding units later on to a few pur- 
chased initially, and remote recording 
if desired to supplement visual ob- 
servation. 


For complete details, contact your near- 
est Sanborn Branch Office or Service 
Agency, or write: Manager, Research 
Instrument Sales: 


DIVISION 


SAN BOR WN con 


175 Wyman St., Waltham 54, Massachusetts 
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(METH YCLOTHIAZIDE, ABBOTT) 


iuretic— 
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ch single daily dose~ 


t 


| provides 24 full hours: 
of potent d 


tihypertensive action’ 


ABBOTT 


|) 


Longest acting of 


all available thiazides 


(METHYCLOTHIAZIDE, ABBOTT) 


(In practical terms, 
here’s what Enduron’s longer duration 


means to you): 


Dosage once a day, every day. Even in frank edema, 
once daily is all you need. Easy for patient to re- 
member and stick to, easy for you to supervise. 


No therapeutic gap between doses. Round the clock 
effectiveness. Your first dose provides good diuretic 
and hypotensive action that’s sustained right up to 
the time next day’s dose takes over. 


Peak natruresis at 10 mg. level. Maximum sodium 
output occurs with each single 10 mg. dose. Natru- 
resis remains well above control (i.e., undosed) 
level more than 24 hours. Larger single doses give 
no added effect, aren’t needed. 


Enhanced potassium-sparing effect. Enduron’s sin- 
gle daily dose causes but a temporary single peak 
of potassium loss (compared to multiple daily 
peaks with multiple-dose thiazides). Basic ratio of 
sodium excretion versus potassium is enhanced, 
too. Potassium depletion is rarely seen. 


ENDURON is a distinctive analogue of the thiazide 
family, created by Abbott, and available under no 
other trade name. Usual adult dose is only 2.5 to 10 
mg. once daily; this low milligram dosage provides 
the security of a very safe therapeutic ratio. Sup- 


‘plied in 5 mg. (No. 6812) and 2.5 mg. (No. 6827) 


grooved tablets. Literature promptly supplied upon 
request to Abbott Laboratories, North Chicago, Ill. 
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Investigation of Methyclothiazide, a New Oral Diuretic; 
Comparative Clinical Effects of Hydrochlorothiazide and 
Methyclothiazide, Current Therap. Res., 2:422-430, Sept., 
1960. 2. Bryant, J. M., Schvartz, N., Fletcher, L., Jr., 
Fertig, H., Schwartz, M. S., McDermott, J. D., Quan, R., 
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NEW BOOKS FOR THE CARDIOLOGIST PUBLISHED 
IN JANUARY, FEBRUARY AND MARCH 1961 


SURGICAL DISEASES OF THE LUNG by Buford H. Burch, Patton 
State Hospital, Patton, Calif., and Arthur C. Miller, College of Medical 
Evangelists, Loma Linda, Calif. The short journey through this book 
_ will be a pleasant one for all physicians interested in lung diseases. The 
authors have stated their attitudes as briefly and as pointedly as possible— 
setting down what they believe to be the correct and most promising 
method of dealing with surgical diseases of the lung. /ncluded are 
diagnostic hints and “‘tricks of the trade’”’ so often referred to as good judg- 
ment; what to do for the patient before a diagnosis is established; how 
and when to proceed when a diagnosis has been made. Pub. Feb. ’61, 


144 pp., 60 il., $8.59. 


CHEMISTRY AND THERAPY OF 
CHRONIC CARDIOVASCULAR DISEASE 
by Richard J. Jones and Louis Cohen, both 
of Univ. of Chicago. This book should be in 
the hands of every physician who treats the 
patient with heart disease. The authors re- 
view the chemical basis for the pathogenesis 
and therapy of three common complications of 
much chronic cardiovascular diseases—con- 
gestive heart failure, thrombosis, and arterio- 
sclerosis. Pub. March’61 (Amer. Lec. Living 
Chemistry) 


HENRY STANLEY PLUMMER: 
A Diversified Genius by Fredrick 
A. Willius, The Mayo Clinic. Ina 
warm, intimate account Dr. Willius 
relives one of the highlights of his 
life—his many years of close pro- 
fessional association with Dr. Henry 
Stanley Plummer. Portrayed here 
is the very being of an unusual 
and talented pioneer in medicine 
—a great physician, a master of 
the science and art of medicine, a 
teacher surpassed by few, and a 
learned scientist in many fields. 
Pub. Jan. ’61, 80 pp., 15 il., $4.50. 


Springfield ¢« Illinois 


THE TREATMENT OF HYPERTEN- 
SION by Sir George White Pickering, 
William Ian Cranston, and Michael 
Andrew Pears, all of Univ. of Ozford. 
The patient is a whole organism, with a 
mind, as yet mysterious in its working, and 
a body partly so. Each patient presents 
a problem of greater or lesser complexity 
which the physician must try to solve. 
THE TREATMENT OF HYPERTEN- 
SION represents an integration of experi- 
mental knowledge with clinical wisdom in 
the cause of the hypertensive patient and 
his everyday problems. How to see the 
problem more fully, to solve it wisely, and 
to serve the best interests of the patient are 
all covered here. Pub. March °61, 192 
pp., 70 il. (Amer. Lec. Living Chemistry), 
$7.00. 


CHARLES C THOMAS - PUBLISHER 


301-327 East Lawrence Avenue 
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FUNCTIONAL BEHAVIOR OF 
THE MICROCIRCULATION by 
Benjamin W. Zweifach, New York 
Univ. This stimulating book covers 
an area only sketchily covered in 
most textbooks and curricula. It is 
a realistic appraisal of modern prin- 
ciples of blood-tissue exchange, tis- 
sue injury, and systemic disturb- 
ances such as shock and hyperten- 
sion. Emphasis throughout is on 
the close correlation between struc- 
ture and function. Pub. March ’61, 
(Amer. Lec. in Physiology) 
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Since linoleic acid is the principal polyunsaturated fatty acid in the 
vegetable oils which lower blood cholesterol, there seems to be no 
doubt that linoleic acid is the key factor in reducing serum choles- 


terol through diet. The facts are clearly stated in a recent JAMA 
editorial: 
“It is accepted generally that specific alteration in the diet will 
lower the concentration of cholesterol in the blood. The most 
effective results to date have been achieved by increasing con- 
sumption of polyunsaturated fatty acids, particularly linoleic acid 
.. they must replace rather than supplement some of the sat- 
urated fats and oils already in the diet.’” 


Very recent research indicates that use of Emdee Margarine in 
place of other spreads and shortenings may significantly contrib- 
ute to reduction of serum cholesterol in diabetic patients,' as it 
has been observed to do in other patient groups.** 


Emdee Margarine contains significantly more linoleic acid than any 
other margarine—including those promoted as ‘‘pure corn oil mar- 
garines.” And, published scientific reports*** attest to the value 
of Emdee Margarine in cholesterol-lowering diets. To date, no 
comparable studies with other margarines have been published. 


EMDEE 


REFERENCES: ° 

1. Alterman, S. L.: Postgrad. Med. 28:112 (Aug.) 1960. 

2. Pollack, H.: J.A.M.A. 172:1164 (Mar. 12) 1960. Margarine 

3. Terman, L. A.: Geriatrics 14:111 (Feb.) 1959. e 

4. Boyer, P. A., Jr.; Lowe, J. T.; Gardier, R. W., and ] f th 
Ralston, J. D.: J.A.M.A,. 170:257 (May 16) 1959. In p ace O O er 

5. Jolliffe, N.; Rinzler, S. H., and Archer, M.: Am. a 
J. Clin. Nutrition 7:451, 1959. h t 

The linoleic acid-sparing process for manufacturing S or enings 

Emdee Margarine is unique (U.S, Patent No. 2,890,959). 

To protect flavor and texture, Emdee Margarine is 

packaged in cans and kept under refrigeration. and spreads 


lf vA PITMAN-MOORE COMPANY bivision oF ALLIED LABORATORIES, INC., INDIANAPOLIS 6, INDIANA 
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When 
blood 
pressure 
must 
come down 


AS IN THIS CASE:' 
Fundus of 62-year-old 
female who has had 
severe hypertension for 
many years. Photo shows ef- 
fect of pressure at a-v crossings 
and various types of hemorrhage. 
= When you see eyeground changes like 

this — with such hypertensive symptoms as 
dizziness and headache—your patient is a can- 
didate for Serpasil-Apresoline. With this com- 
bination the antihypertensive action of Serpasil 
complements that of Apresoline to bring blood 
pressure down to near-normal levels in many 
cases. Side effects can be reduced to a mini- 
mum, since Apresoline is effective in lower 


dosage when given 
with Serpasil. 
= ‘‘Hydralazine [Apres- 
oline] in daily doses of 
300 mg. or less, when com- 
bined with reserpine, produced 
a significant hypotensive effect in 
a large majority of our patients with fixed 
hypertension of over three years’ duration.’’2 


Complete information sent on request. 


supp.iep: Tablets #2 (standard-strength), each containing 
0.2 mg. Serpasil and 50 mg. Apresoline hydrochloride. 
Tablets #1 (half-strength), each containing 0.1 mg. Ser- 
pasil and 25 mg. Apresoline hydrochloride. / 2832 MK 


1. Bedell, A. J.: Clin. Symposia 9:135 (Sept.-Oct.) 1957. 
2. Lee, R. E., Seligman, A. M., Goebel, D., Fulton, L. A., 
and Clark, M. A.: Ann. Int. Med. 44:456 (March) 1956. 


Serpasil-Apresoline 


hydrochloride 


(reserpine and hydralazine hydrochloride cisa) 
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Over doses 


administered to date 


Over 125 published papers 
since 1953 
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whenever digitalis 


is indicated 


& BURROUGHS WELLCOME & CO. 


q 
4! 
m to be recommended fort 
ry to the mar and 
| p ae 
‘nical contingencies» 
varied clinica 
| we believe Digoxin wou 
the drug of choice. 
Lown, B., and Levine, A.: Corrent Therepy: a 
(white) 0.5 mg. in 2 ELIXIR PEDIATRIC 
| 05 OF EV.) PEDIATRIC 
= : .S.A.) INC., Tuckahoe, N. 4 
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FACTS ABOUT MER/29 


how MER/29 
differs from other 
cholesterol-lowering 
measures... 


TISSUE SERUM 


OTHER MEASURES 


There is no evidence 

that tissue cholesterol is 
reduced even in the face of 
serum cholesterol reduction. 


effect on 
body pool 
of | 
cholesterol MER/29 


Studies in patients have 
demonstrated a reduction of 
approximately 40% of tissue 
cholesterol, as well as a 
significant reduction of the 
total sterol pool. 


... the first cholesterol-lowering agent to inhibit the formation of cho- 
lesterol within the body, reducing both tissue and serum cholesterol 


... the only specific cholesterol-lowering agent: no demonstrable inter- 
ference with other vital biochemical processes reported to date; 
toleration and absence of toxicity established by more than 2 years 
of clinical investigation 


... convenient dosage: one 250 mg. capsule daily before breakfast 


+ 
| 
: 
i 
fin 
4: 
Pie 
“ee 
ier 
: 
ity 
3 
ise 
Wits é 
| 
grt 
4 
pe 


...and how 
these differences 
Canh benefit particularly those with high cholesterol levels, 
your 


MER/29 REDUCES CHOLESTEROL IN 8 OUT OF 10 PATIENTS: MER/29 
reduces both serum and tissue cholesterol, irrespective of diet. Although some physi- 


cians prefer to use MER/29 in conjunction with controlled diets, cholesterol can be ie 

reduced successfully without such limitation. hint 
; 

CONCURRENT BENEFITS REPORTED IN SOME PATIENTS: In angina = 


patients, some of the concurrent benefits reported include decreased incidence and 
severity of attacks, improved ECG patterns, diminished nitroglycerin dependence, and 
increased sense of well-being. 


DIRECT, SPECIFIC CHOLESTEROL-LOWERING ACTION WITH 
MER/29: Some agents used to reduce cholesterol have other important primary effects 
— such as hormonal or vasodilator action. The primary, the ov/y known function of 
MER/29 is to reduce cholesterol. 


MER/29 HAS PRODUCED FEW SIDE EFFECTS, NO TOXICITY: Patients 
have been treated with MER/29 for continuous periods up to 19 months. In no 
case has there been evidence of serious toxic effects on the function of any vital organ 
or system. Side effects (nausea, headache, dermatitis) are rare and have usually been 
associated with dosages greater than those recommended for effective therapy. 
MER/29 is compatible with other cardiovascular therapies. It can be used along with 
measures which control anxiety, hypertension, obesity, and other conditions associ- 
ated with cardiovascular disorders. These include nitroglycerin and PETN, and there 
have been no reports’to date of incompatibility with anticoagulants. 


CAUTION: Since long-term MER/29 therapy may be necessary, periodic examinations, includ- 
ing liver-function tests, are desirable. Also, since MER/29 inhibits cholesterol biosynthesis, and 
cholesterol plays an important role in the development of the fetus, the drug is contraindicated 
in pregnancy. 


SUPPLIED: Bottles of 30 pearl gray capsules. 
Complete bibliography and product information available on request. 


(triparanol ) 


M ll The Wm. S. Merrell Company 
erre Division of Richardson-Merrell Inc. 
Cincinnati, Ohio Weston, Ontario Trademark: MER/29® 
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Balances the mood—no “seesaw” effect of 
amphetamine-barbiturates and ener- 
gizers. While amphetamines and energizers 
may stimulate the patient — they often 
aggravate anxiety and tension. And 
although amphetamine-barbiturate combi- 
nations may counteract excessive stimula- 
tion — they often deepen depression. 


In contrast to such “seesaw” effects, Deprol 
lifts depression as it calms anxiety — both 
at the same time. 


this may be gradually increased up to 3 tablets 
(benactyzine HCl) and 400 mg. meprobamate. 


literature and samples. 


Dosage: Usual starting dose is 1 tablet q.i.d. Pe pete, 
Composition: 1 mg. 2-diethylaminoethy] benzilate hydrochloride 
Supplied: Bottles of 50 light-pink, scored tablets. Write for 


Cardiovascular patients 
respond in a few days. 
Thanks to your prompt 
treatment and the smooth 
action of Deprol, his de- 
pression is relieved and his 
anxiety calmed — often in 
two or three days. He eats 
well, sleeps well and his de- 
pression no longer compli- 
cates your basic regimen. 


Lifts depression...as calms anxiety! 


For cardiovascular patients—a smooth, balanced action that 
lifts depression as it calms anxiety...rapidly and safely 


Acts swiftly—the patient often feels better, 


sleeps better, within two or three days. . 


Unlike most other antidepressant drugs, 
Deprol relieves the patient quickly — often 
within two or three days. 


Acts safely — no danger of hypotension. 
Deprol does not cause hypotension, tachy- 
cardia, jitteriness, or liver toxicity. It can 
be safely administered with basic cardio- 
vascular therapy. 


“Deprol* 


a WALLACE LABORATORIES 


Cranbury, N. J. 
cD-768 
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Sintrom: -for exceptionally steady prothrombin-time response 


rand of acenocoumaro! 


Two established oral anticoagulants. In the treatment of thromboembolic disease, both 
Sintrom and Tromexan reliably bring about hypoprothrombinemic response. 

Distinguished by high potency and its ability to maintain a uniform response with a constant 
single daily dose, Sintrom is particularly suited to long-term therapy. Significantly more 
rapid and transient in action, Tromexan is well adapted to cases calling for more immediate 


control of thrombotic tendencies. 

Full information regarding dosage, side effects, precautions and contraindications available on request. 
Sintrom®, brand of acenocoumarol, is supplied as double-scored tablets of 4 mg. 

Tromexan®, brand of ethyl biscoumacetate, is supplied as single-scored tablets of 150 and 300 mg. H 
Geigy Pharmaceuticals, Division of Geigy Chemical Corporation, Ardsley, New York si/tr-662-61 


Tromexan: for ultra-rapid action with ready reversibility of effect 


brand of eth; 
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Electronic 


Now available from Honeywell—a world leader 
in the field of precision electronic equipment — is a 
complete line of medical instrumentation designed 
to greatly improve your capabilities for measuring 
and recording physiological functions. Currently in 
production are coordinated systems for the follow- 
ing measurements: 
Body temperatures @ Respiration rate, flow, and 
volume ® Chest expansion ® Blood dye curve meas- 
urements ® Phonocardiography (PCG) ¢ Pulse rate 
Electromyography (EMG) Nerve potentials 
Electroencephalography (EEG) ¢ O: content of 
blood (Oximetry) ¢ Skin temperatures ® Electro- 
cardiography (EKG) © Pressures—stomach, intest- 
inal, muscular, uterine © Dynamic blood pressures 
(arterial and venous) ¢ Ballistocardiography (BCG) 
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medical mstrumentation 


All of these variables may be recorded on a 
Honeywell Visicorder, a direct recording oscillo- 
graph capable of obtaining up to 36 channels of 
information simultaneously and furnishing imme- 
diately readable traces on a moving record by 
means of light-beam galvanometers. These Visi- 
corder records may be reproduced for inclusion in 
medical reports by several methods, and slides may 
be made for presentation to large audiences. 

In addition to analog records, physiological 
variables may also be recorded directly on a Honey- 
well magnetic tape recorder for later playback on 
the Visicorder, either in whole or in part, for study 
and analysis. Honeywell can also provide the appro- 
priate electronic computer, should it be desirable to 
perform a mathematical analysis or computation. 

Honeywell Electronic Medical Systems are 
noted for their extremely compact size, and are 


available in several console models. Special 4-inch 
diameter casters make them easy for anyone to 
move. All Honeywell systems incorporate versatility, 
ease of operation, maximum frequency response, and 
easy-to-read charts. Transducers, leads, and other 
necessary equipment are furnished, as are compre- 
hensive operating instructions. 

When you order a Honeywell Electronic Medi- 
cal System, you get more than just components — 
you get a complete, integrated system, ready to 
plug in and use. In addition, your purchase includes 
an interest by Honeywell which extends beyond 
the sale to successful operation. Honeywell branch 
offices — from coast to coast, across Canada, and 
around the world — are staffed with skilled techni- 
cians, equipped to make emergency repairs or render 
periodic service to your system. 


For further information and assistance in deter- 
mining which Honeywell Electronic Medical Sys- 
tem will best fill your requirements, please contact: 


Minneapolis-Honeywell, 
5200 E. Evans Ave., e Denver 22, Colorado 


Honeywell 
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“. .. LISORDIL’S] long duration of action and consistent marked 
activity, establishes it as the first reliable drug for maintenance 
of dilatation of coronary vessels. . .. Good to excellent results were 
obtained in 60 (75%) of these patients as evidenced by improve- 
ment in EKG patterns, increased exercise tolerance, fewer anginal 
attacks and decreased nitroglycerin requirements.” [20% of the 
80 patients] “. . . were rated as having a fair response .. .” 

Leslie, R.E.: Coronary Vasodilators—A Comparative Study (to be published) 
“If this dosage readjustment would have been possible in the 
double blind study we might have noted that 85% instead of 65% 
of all patients would have benefited from isosorbide dinitrate 
{ISORDIL].” 


Fisch, S.; le, A.; Sperber, R.; De Graff, A.C.: A Critical Review of Methods 
Used In Eval sore Seaton Coronary Vasodilators in Man, paper presented 
erapeutic Society Annual Meeting, Miami Beach, Florida, 
une 10, 


IVES-CAMERON COMPANY 
New York 16, N. Y. 


* TRADEMARK 


ISORD 


Isordil consistently delivers more active drug to the blood and 
heart— more rapidly and for more prolonged periods of time 


ISOSORBIDE DINITRATE ¢ 


“Isosorbide dinitrate [ISORDIL] . . . appears to exert a more con- 
sistent and profound vasodilation of coronary vessels than other 
coronary vasodilators with the exception of nitroglycerin. The 
rapid onset of action and the prolonged effect provide additional 
clinical advantage.” 
Albert, A.: Chronic Coronary Insufficiency—Its Treatment with a New Drug 
(to be published) 
ISORDIL consistently helps to prevent anginal attacks 
and to reduce their frequency and severity. 


ISORDIL, Isosorbide dinitrate: Effective coronary vasodilator increases flow of 
blood to heart tissue; reduces frequency, duration and severity of anginal attacks; 
increases exercise tolerance; decreases pain and reduces (or eliminates) depend- 
ency on nitroglycerin. Acts rapidly within 15-30 minutes; benefits persist for 
at least 4 hours. Side Effects: transitory typical nitrate throbbing; others are 
insignificant and mild. Dosage: average dose one tablet (10 mg.) q.i.d., a half 
hour before meals and at bedtime; dosage range 5-30 mg. q.i.d.; individualize 
dose for optimum therapeutic effect; use with caution in patients having glau- 
coma. Supplied: white scored tablets in bottles of 100. 


Literature and Professional Samples Available on Request 
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for your patient with 


hypertension 


these benefits 


trichlormethiazide 


often the only drug required for satisfactory reduction of blood pressure in both mild and moderate 
hypertension...commonly relieves headache, palpitation, etc.'...may further reduce blood pressure 
levels reached on previous regimens?...usually obviates need for potassium supplements...potentiates 
effect of some adjunctive antihypertensive agents, decreasing their dosage needs, thereby reducing 


their potential side effects...economically priced for special benefit of long-term patients. Packaging: 


NAQUA Tablets, 2 and 4 mg., scored, bottles of 100 and 1000. References: (1) Cohen, B. M.: Newer Saluretic Agents 
in the Therapy of Hypertension, paper presented at 6th Internat. Cong. Int. Med., Basel, Switzerland, Aug. 24-27, 1960. 


(2) Ford, R. V.: Am. J. Cardiol. 5:407, 1960. $.722 
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INJECTION 


*, A Strong pressor effect with a myocardial-stim- 
ulating action in experimental studies,’ “... Tens 
of thousands of intramuscular and subcutaneous 
injections. ... Not a single instance of fissue in- 


jury was observed,” 


ARAMINE can be administered for pressor effect by any 
route—subcutaneous, direct intravenous, intramuscular, 
intravenous infusion. No slough reported when injected 
into preferred vein of arm. Minimal risk of causing 
arrhythmias. 

Onset of action (intravenous): 1 to 2 minutes. 

ARAMINE is always ready for immediate use—no dilution 
needed. 

ARAMINE is also valuable in shock accompanying ana- 
phylaxis, brain damage, infectious disease, hemorrhage, 
surgery, trauma. 

Supplied: In 1-cc. ampuls and 10-cc. vials (10 mg. metaraminol present as the bitartrate per cc.). 
ARAMINE is a trademark of Merck & Co., INC. 

Additional information is available to physicians on request. 

1. Selzer, A., and Rytand, D. A.: COUNCIL ON DRUGS, Report to the Council, J.A.M.A. 168:762, 


(Oct. 11) 1958, 
2. Weil, M. H.: J.A.M.A. 171:1868, (Nov. 28) 1959. 


Oo MERCK SHARP & DOHME, Division of Merck & Co., INC., West Point, Pa. 
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Lilly 


QUALITY / PEST ARCH / 


= to improve 
cardiac 
function 


permits 
accurate dosage titration 


Since initial digitalization and maintenance 
dosage must be carefully individualized, 
Crystodigin fulfills the important require- 
ments of a preferred digitalis. Crystodigin 
is a crystalline-pure, uniformly potent single 
glycoside that is completely absorbed in the 
gastro-intestinal tract. With Crystodigin, 
the maximum therapeutic effect can be 
readily obtained by dosage titration in in- 
crements as small as 0.025 mg. 

Available in scored tablets of 0.05 mg. 
(orange), 0.1 mg. (pink), 0.15 mg. (yellow), 
and 0.2 mg. (white); and in 1-cc. and 10-cc. 


ampoules, 0.2 mg. per cc. 
Crystodigin® (crystalline digitoxin, Lilly) 
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NuMBER 3 


Symposium on Rehabilitation in 


Cardiovascular Disease 


Introduction 


HE PROBLEMS associated with the _ re- 

habilitation of patients with cardiovascular 
disease will confront the practicing physician 
and investigator until means are available to 
either cure or effectively prevent cardio- 
vascular diseases. During recent years an 
increasing number of publications'—* testify 
to the interest in and the diverse nature of 
these problems. It is our purpose in this 
symposium to present the current thinking and 
practice of some of the leading investigators 
and practitioners in the field in order to stimu- 
late further interest in these problems, partic- 
ularly among practicing physicians. 

The chief burden of rehabilitating the patient 
with cardiovascular disease will in the future, 
as in the past, fall mainly on the patient’s 
personal physician whether he be _ general 
practitioner, internist or cardiologist. In order 
to accomplish his goal the physician will need 
to consider his patient in a comprehensive 
manner. Although it is an entirely arbitrary 
classification, we have found it helpful to break 
down the rehabilitation process into three 
phases as follows: (1) the evaluation of the 
patient and his environment; (2) medical 
management which should include the preven- 
tion or treatment of the underlying disease or 
its complications, the prevention or treatment 
of aggravating factors, the regulation of physical 
activity and the management of psychologic 
factors; and (3) the re-establishment of the 
patient in his community. The medical treat- 
ment itself will actually be the most standardized 
and simple of the procedures followed in the 
majority of patients. The third phase is often 
the most difficult because either we lack the 
means of physically or psychologically restoring 
the patient or the community will not offer him 
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opportunities commensurate with his abilities. 

Theoretic concepts of basic physiologic mech- 
anisms in relation to rehabilitation have often 
been lacking in our concern for more practical 
problems related to rehabilitation. In his 
paper in this symposium Jokl has helped to 
correct this deficiency. He has given us 
much to think about from the standpoint of 
the basic physiologic mechanisms related to 
exercise, fitness and the control of the heart 
during exercise. He emphasizes here, as he 
did in his recent book,'* the importance of 
nervous system control. In his article regarding 
the physical rehabilitation of hemiparetic pa- 
tients Treanor also considers some theoretic 
points which may have considerable practical 
application and which may alter radically 
current methods of rehabilitating victims of 
stroke. 

The importance of properly evaluating and 
dealing with the psychologic problems is em- 
phasized in the article by Williams and White. 
This problem has been considered previously 
in greater detail by Hollender’ who has also 
given us better insight into the physician- 
patient relationship. ‘These problems as they 
pertain to the patient with cerebral vascular 
disease are considered by Fisher and he gives 
us a better understanding of the mechanisms 
involved in the patient’s reaction to his illness 
as well as useful advice for dealing with these 
reactions. He considers neurophysiologic and 
neuropathologic mechanisms as well as psy- 
chologic ones in his discussion. 

The evaluation of the fitness of a particular 
subject for physical stress is one of the most 
difficult aspects of the evaluation of the patient. 
The fitness test, as described by Levenson and 
Sparkman, is an effort by a group of skilled 
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clinicians and investigators to resolve this 
problem. The test, however, appears to re- 
sult in a high incidence of T wave changes, 
S-T depression and ventricular premature 
beats which suggests that the test needs some 
further modification before it is widely used. 
Lacking experience with such a fitness test the 
practicing physician must obtain the best 
answers he can by a careful history and an 
examination of his patient at rest and after 
exercise of a less standardized sort. Although 
such assessments of physical fitness are an aid 
in rehabilitation they do not reveal the patient’s 
ability to adapt to a particular occupational 
or nonoccupational stress. It is well known 
that the physiologic load imposed by emotional 
stress often exceeds that of physical stress in 
our daily lives and these stresses, as well as 
those imposed by obesity, diet, smoking and 
such environmental conditions as temperature 
and humidity, must be considered in our re- 
habilitation of the patient with cardiovascular 
disease. 

Many of the physical, psychologic and en- 
vironmental stress factors are considered in the 
report on the cardiac farmer by the Purdue 
group. This is one of the few outstanding 
studies of its type in cardiac rehabilitation and 
similar studies should be conducted for other 
occupational groups. 

The results that can be achieved in the voca- 
tional rehabilitation of the patient with cardiac 
disease in industry are described by Greer. 
The most valuable aspect of his report, how- 
ever, is the long term follow-up of these patients 
after they have returned to work. It is only 
by such carefully conducted studies that we 
can replace facts for slogans in the rehabilita- 


tion of the patient with cardiac disease in 


industry. 

The papers by Master and by Ongley and 
DuShane on the rehabilitation of patients 
with coronary artery disease and congenital 
heart disease, respectively, present the ex- 
perience of two of the most qualified groups in 
the field of cardiovascular rehabilitation. Both 
articles are of interest to the practicing physician. 

Two points of view are presented in the 
articles on the rehabilitation of the patient with 
cerebral vascular disease. It is refreshing to 
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see the critical approaches to this difficult 
problem because in spite of the progress of 
recent years we are all well aware in our daily 
practice of how much progress must yet be made 
in the rehabilitation of the patient who has had 
a stroke. 


Puiuie R. LEE, M.D. and Sercius BRYNER, M.D. 
Department of Internal Medicine 

Palo Alto Medical Clinic 

Palo Alto, California 
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Rehabilitation of the Cardiac Patient* 


BRYAN WILLIAMS, M.D.f and Paut D. WHITE, M.D. 


Boston, Massachusetts 


HERE IS GREAT current interest in cardiac 

rehabilitation for a number of reasons. 
With an apparent increase of coronary heart 
disease in younger men at the height of the 
most productive period of their lives both 
physicians and the laity ave interested in re- 
turning these men to productive lives after 
the acute episode of disease. In all forms of 
heart disease there is a steadily improving 
prognosis with the result that persons with 
heart disease are able to lead productive lives. 
Interest in this problem has also been stimu- 
lated by the occurrence of major coronary 
episodes in a number of world leaders. Their 
return to active and productive lives has 
dramatically illustrated that people with heart 
disease can continue to lead active and useful 
lives. The increasing number of older people, 
who are particularly susceptible to the ravages 
of heart disease, is also a cause for great con- 
cern to those interested in cardiac rehabilita- 
tion. 

It is our purpose in this paper to consider 
some of the following questions:'2 (1) what is 
cardiac rehabilitation, (2) what are the various 
problems involved in cardiac rehabilitation, 
and (3) what are the solutions to some of 
these problems? 

Although many definitions of cardiac re- 
habilitation are available we believe the follow- 
ing is succinct yet comprehensive: A return 
of the patient to the fullest life possible in every 
sphere of life within the limits imposed by his 
heart disease. 


PROBLEMS OF CARDIAC REHABILITATION 
AND SUGGESTED SOLUTIONS 


Rehabilitation of the cardiac patient begins 
on the first encounter of the patient and his 
physician. We believe that reassurance by 
the physician that the majority of patients 
recover from their acute episodes and are able 


to lead active and productive lives does much 
to aid the patient in his recovery from the acute 
episode and serves as a firm basis for future 
efforts in rehabilitation. 

Much effort is needed to re-emphasize the 
fact that the majority of cardiac patients 
can be successfully rehabilitated. As recently 
pointed out by Katz,’ the medical management 
of the acute episode is often so exciting and 
dramatic that the long term problems faced 
by the patients are often forgotten by the 
physicians. 

The long term problems confronting the 
patient recovering from an acute cardiac 
episode touch every facet of life from personal 
habits to work. These problems are solved 
most effectively by the patient when he is 
given detailed advice by his own physician. 
Some of the problems which may be anticipated 
are smoking, diet, physical activity, sexual 
activity and amount and type of work. De- 
tailed advice about all of these problems should 
be given throughout the convalescent period. 

Tobacco: Smoking should certainly be inter- 
dicted during acute cardiac illness and later 
in any patient such as those with angina pec- 
toris, in whom smoking produces symptoms of 
disease. Some degree of cardiovascular stress 
is produced by smoking in all patients as 
evidenced by peripheral vasoconstriction, in- 
crease in pulse rate and elevation of blood 
pressure. 

Diet: The period of hospitalization required 
by an acute cardiac episode offers an ideal 
time for dietary education and adjustment. 
The obese patient should have caloric restric- 
tion imposed while in the hospital and should 
be educated in proper eating habits for the 
future. It would seem reasonable at the 
present time to put all patients with overt 
coronary disease on a diet high in unsaturated 
fat and low in saturated fat. 


* From the Cardiac Laboratory of Massachusetts General Hospital, Boston, Massachusetts. 


t Present address: Dallas, Texas. 
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Physical Activity: The amount and type of 
physical activity should be detailed to the 
patient as convalescence progresses. It is in 
this area that the most confusion arises when 
the patient and his family are not given de- 
tailed instructions as to exactly what physical 
limitations are imposed. In the average pa- 
tient who has had a myocardial infarct a satis- 
factory plan has been to require three to four 
weeks of full rest. It should be emphasized 
that the ‘“‘arm chair’ regimen of Levine does 
not imply early ambulation but rest in a chair 
instead of in a bed. In this program the pa- 
tient is lifted to a bedside chair and is not 
actually ambulatory. During the next three 
to four weeks there is gradually increasing 
activity with a trip or two a day upstairs at 
the end of this period. Return to work is 
usually some time during the second to third 
month. During the latter part of convalescence 
walking is started (in the absence of com- 
plications). The patient walks a block or two 
at a time at first, increasing the distance every 
five to seven days until he is walking a mile or 
two a day. 

Sexual Activity: Once the convalescent period 
is over, sexual intercourse is not to be pro- 
hibited in most patients. Those patients who 
have angina at the time of intercourse may be 
helped by prophylactic nitroglycerine slipped 
under the tongue just before beginning the sex 
act. 

Personal and Psychologic Problems: It is as 
important to educate the patient’s family as it 
is to educate the patient. The rehabilitation 
efforts of both patient and physician may be 
greatly hampered by over-restrictive or ill- 
advised family members. 

In a busy hospital environment many of 
the patient’s “worries” which should be con- 
sidered by the physician are often relegated to 
the realm of auxiliary personnel such as the 
social service worker. Social service frequently 
does an invaluable job in aiding cardiac re- 
habilitation; however, this job can be done 
much more effectively if the problems are 
first considered by the physician and if the 
solutions have medical sanction. 

The personal situation of 223 cardiac patients 
in a Swedish town (Malmé) of some 200,000 
inhabitants has recently been studied by Bidrk.* 
This community apparently differs little from 
many in this country. There has been no 
great effort at organized rehabilitation or vo- 
cational training among the cardiac patients 


as a group. Bidrk revealed that the psycho- 
logic problems of the cardiac patient were far 
more important than the economic and social 
problems presented by the patient’s illness. 
In a detailed interview with the patients one 
of the most common complaints was a lack of 
adequate information about their condition 
from the responsible physician who frequently 
‘“‘appeared”’ to have too little time to speak 
to the patient in detail about the nature of 
his illness. ‘There was often considerable con- 
fusion as to exactly what the patient was allowed 
to do after he left the protective environment 
of the hospital. Over-restriction was frequently 
enforced by the patient’s family. Bidrk’s con- 
clusion of the study is well worth consideration: 
**As a general conclusion of this study one may 
be allowed to state that we have found more 
unsolved problems within the psychological 
sphere of our cardiac patients than within the 
economic and social spheres. ‘The psychological 
difficulties in the course of a chronic illness 
cannot be easily removed, but if a little more 
attention were paid to them by the physicians, 
and if the patients and their families could get 
a little more information, support, and detailed 
practical advice, both during the hospital stay 
and relevant to the discharge home, unnecessary 
anxiety might be relieved and unnecessary 
deterioration might be avoided. Physicians 
should be careful of their own attitudes from 
the time of the first contact with the patient, 
in taking the history and making the physical 
and other examinations, because this first 
contact will, to a great extent, determine the 
future interrelationship between the patient 
and his physician. An optimistic attitude is 
essential, as already stressed by Sir Thomas 
Lewis. In dealing with cardiac patients, much 
may be learned by listening to their heart with 
a stethoscope, but it may be even more im- 
portant to listen to the patient himself, without 
a stethoscope.” 

Soctal and Economic Problems: The emphasis 
on the personal problems of the cardiac patient 
should not minimize the social and economic 
problems met by the patient with heart disease. 
In many of the larger industrial concerns of the 
country most patients with cardiac disease are 
taken back after recovery from the acute episode 
and given full employment. This re-employment 
is greatly aided by the variety of jobs available 
within a large industrial concern. However, the 
problem is much more acute in the small indus- 
trial concern and with the cardiac patient who 
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has been accustomed to doing unskilled manual 
labor all of his life. Vocational retraining is 
frequently necessary for these patients. Many 
excellent programs in vocational retraining 
for the physically handicapped are offered by 
most states. 

It should be emphasized that the general 
experience of industry in the employment of 
persons with cardiac disease has been most 
satisfactory. Greer,’ in a recent study of 
patients with cardiac disease employed at the 
Gillette Company in Boston, has found the 
cardiac worker to be actually a little above 
average in productivity and his absenteeism 
was only slightly more than the general average. 
Industry as a whole, however, has been very 
reluctant to hire a person with known cardiac 
disease initially because of the fear of a com- 
pensation claim should the worker become 
stricken while on the job. In a study at the 
Cleveland Work Classification Unit it was 
noted that cardiac patients have a low rate of 
absenteeism, work safely and produce well in 
a wide variety of jobs. It was found that 
they often improved more than they deteriorated 
while working. Such studies as these should 
minimize the ‘“‘risk’’ of cardiac employment. 

Whenever a patient’s work appears to be 
too taxing a detailed review by the physician 
of the patient’s working day may frequently 
reveal thie source of the difficulty. For example, 
the patient’s work may be well within his 
capabilities but public transportation may 
present too great a strain in the form of pro- 
longation of hours or too many subway steps. 
By spending relatively more on convenient 
transportation a patient may be able to work 
when otherwise he might not. 

Therapeutic and Preventive Measure: The possi- 
bilities of rehabilitation of a patient with 
cardiac disease have been greatly enhanced 
by improved methods of treatment of heart 
disease made available during the past few 
years. The most dramatic examples of this 
improved treatment are the patients who have 
undergone cardiac surgery with subsequent 
amelioration or complete correction of a 
cardiovascular defect. 

Increasingly effective medical measures are 
also aiding cardiac rehabilitation. For exam- 
ple, effective oral diuretic therapy enables 
many patients to be free of edema with a 
minimally restricted sodium diet. Frequent 
injectigns of mercurials are not necessary in 
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many patients. This freedom from injections 
and from the restrictions of a rigid low sodium 
diet has increased the capacity for business 
activities in many patients with cardiac disease. 
For example, travel, so important in current 
business, is greatly facilitated. 

Prophylactic and preventitive measures are 
also aiding cardiac rehabilitation. Prophylaxis 
against recurrent streptococcal infections by 
the use of penicillin, with subsequent reduction 
in rheumatic fever, has prevented further 
cardiac damage in many patients with rheu- 
matic heart disease. Antihypertensive measures 
have prevented cardiac complications in many 
patients and have retarded the development of 
cardiac lesions in others. It remains to be 
proved whether the various dietary and other 
measures aimed at lowering the cholesterol 
levels of the blood will be effective in retarding 
the ravages of coronary disease. The evidence 
thus far is at least suggestive that it will be. 
If effective measures are developed to prevent 
coronary heart disease one of the most effective 
measures in cardiac rehabilitation will have 
been developed. 


SUMMARY 


A brief review of some of the problems met 
in the rehabilitation of the patient with cardiac 
disease with a discussion of some of the possible 
solutions to these problems is presented. Em- 
phasis is placed on the importance of the 
physician-patient relationship, on the education 
of the patient and the public and on the recent 
advances in therapeutic and preventive medi- 
cine which have real or potential value in the 
rehabilitation of the cardiac patient. 
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Cardiovascular Responses to Exercise 
Concerned in Rehabilitation of 
Cardiac Patients 


Physiologic Considerations* 


ERNST JOKL, M.D., F.A.C.C. 


Lexington, Kentucky 


N AN attempt to deal with the subject of 
I rehabilitation of the cardiac patient from 
the point of view of the physiologist, I propose 
to discuss two problems: (1) the recent de- 
velopment of Claude Bernard’s classical con- 
cept of the “milieu interne,”’ and (2) the current 
revolution in the explanation of cardiac control 
in exercise. 


HOMEOSTASIS AND HETEROSTASIS 


In 1867 Claude Bernard pointed out that the 
body has an exterior as well as an interior en- 
vironment.!:? The latter, he said, is represented 
by the blood which rerders the higher organism 
virtually independent of its external environ- 
ment, keeping it “enclosed in a hothouse so 
that the perpetual changes of the cosmos do not 
reach it.”” It was in this connection that he 
formulated his classical dictum: “La fixité du 
milieu interne est la condition de la vie libre.” 

The term homeostasis was introduced by 
Walter Cannon,’ who restated Bernard’s 


argument and illustrated it with experimental 


observations of his own: 


“If a state remains steady, it does so because any 
tendency towards change is automatically met by 
increased effectiveness of the factor or factors which 
resist the change. As examples, I may cite thirst 
when there is need of water; the discharge of 
adrenalin, which liberates sugar from the liver, 
when the concentration of sugar in the blood falls 
below a critical point; and the increased breathing 
which reduces carbonic acid when the blood 
tends to shift toward acidity. All these reactions 
become more intense as the disturbance of homeo- 
stasis becomes more pronounced and they all 
subside quickly when the disturbance is relieved. 
It is probable that similar corrective reactions 
appear when other steady states are endangered.” 


Like all comprehensive monistic theories, 
Claude Bernard’s concept proved to be attrac- 
tive to medical teachers and _ investigators. 
That it contained features of special appli- 
cability to the physiology of exercise became 
apparent first when evidence accumulated to 
the effect that the autonomic status of highly 
trained athletes at rest differs from that of 
untrained subjects. The differences under ref- 
erence also pertain to the cardiovascular sys- 
tem. Athletes’ hearts are better capillarized 
(Fig. 1),° their rates are slower,® cardiac sizes 
are greater, stroke volumes smaller, systolic 
blood pressure is lower (Fig. 2) and diastolic 
blood pressure higher,’ “isometric” (more 
correctly, “isovolumetric’’) contraction time of 
systole is longer,* pulse wave velocity less rapid, 
arteriovenous oxygen utilization greater and 
there are significant differences between trained 
and untrained subjects in respect to mineral 
metabolism of skeletal and cardiac muscle 
tissue. There can be no doubt that the homeo- 
static resting state of athletes—not only of their 
cardiovascular systems—differs significantly from that 
of untrained 


HETEROSTASIS DURING EXERCISE 

Of still greater importance are the physiologic 
discrepancies which exercise studies of trained 
and untrained subjects have revealed. During 
exercise autonomic functions that are homeo- 
statically arranged at rest deploy themselves 
according to a distribution pattern of their own. 
In an analysis of acute and sustained high energy 
output, Fenn" has shown that the maximum 
rate of oxygen consumption in the steady state 
is about 5.35 L./minute, as against a resting 
rate of 250 cc., i.e., more than a twenty-one 


* From the Department of Physiology, University of Kentucky, Lexington, Kentucky. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


Vs 
* 
gt 
ut, 
ee! 
ils 
fies 
pt 
we: 
| 
ae 
q 
‘ 3 
4 


Cardiovascular Responses to Exercise 


Number of Ca _— 


(per mmé 
4,000 
3,500 
| Heart 
3,000 
2,500 
2,000 
M. masseter 
1,500 
M. gastronem. 
3005 50 150-200-250 
Distance run 
(in km.) 
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cnemius muscles of trained and untrained guinea pigs. 
(From: Pertren,.T. Verhandl. anatom. Gesellsch., pp. 25, 
1935.5) 


fold increase. In terms of horsepower this 
means a rise from 0.12 horsepower to 2.6, 
or from 90 watts to 1,925 watts. During a 
one hundred yard sprint oxygen requirements 
amount to 30 L./minute, corresponding to a 
release of 14.4 horsepower; but in the approxi- 
mately ten seconds required for such a race, 
only about !/» L. of oxygen is actually burned in 
the muscles, so that the runner terminates his 
sprint with an oxygen debt of 5 L. which is 
one-third of the maximum oxygen debt pos- 
sible. Over short periods the body’s rate of 
energy expenditure, or the rate of going into 
debt for oxygen, might be increased from 250 
cc. to 30 L./minute which is about 120 fold. 
Such figures are but over-all estimates. When 
an isolated muscle is suddenly stimulated, an 
energy explosion takes place; and during the 
actual contraction the rate of initial heat pro- 
duction may be 1,000 times as great as it is at 
rest. 

These data emphasize the magnitude of the 
autonomic changes during exercise. The prin- 
ciple involved in the functional disengagement 
under reference is called heterostasis. Like 
homeostasis, heterostasis has a “gestalt” of its 
own. Primarily, this gestalt is determined by 
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Fic. 3. after steady state performance 
of ten minutes’ duration during which a high energy 
output of 100 watts was maintained. Resumption of 
homeostatic levels of pulse rate, systolic blood pressure, 
oxygen intake and ventilation is plotted for the four 
physiologic entities under study. Maximal scale 
entries on ordinates indicate heterostatic activity deploy- 
ment. (From: Hotitmann, W. Der Arbeits- und 
Trainingseinflus auf Kreislauf und Atmung. 1959. 
Steinkopff.!*) 


the integrated nature of the discharge pattern 
of impulses from the central nervous system. 
A categorical contrast exists between the two 
functional states under consideration. Nature 
and extent of this contrast between homeostatic 
control at rest and heterostatic deployment during 
exercise have been demonstrated in studies of 
recovery of pulse rate, blood pressure, oxygen 
intake and ventilation after muscular perform- 
ances in the steady state (Fig. 3). Range 
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and time sequence of the postactivity shift re- 
flect the underlying principle of adaptation 
which is rendered effective through neurohor- 
monic mediators. Such heterostatic deploy- 
ment combinations during exercise vary within 
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wide margins during different kinds of activi- 
ties. However, the data in Figure 3 reflect 
the temporary nature of the mobilization of the 
cardiovascular and respiratory resources during 
muscular performances. 

In its original form Claude Bernard’s theory 
related to the resting state only. That it has 
now been extended so as to include autonomic 
control during muscular activity represents 
a development of great physiologic importance. 
The effectiveness with which the adjustments 
under reference take place largely determines 
the degree of success of each neuromotor per- 
formance. In Figures 4 to 6 three heterostatic 
deployment patterns of cardiac, metabolic and 
biochemical functions are related to different 
states of training and to the subjects’ ability to 
perform. 


AUTONOMIC CHANGES DurRING EXERCISE UNDER 
PATHOLOGIC CONDITIONS 


The physiologic juxtaposition of homeostasis 
at rest and of heterostatic deployment during 
exercise is relevant for the understanding of 
many Clinical situations. The normal fatig- 
ability of the voluntary motor system represents 
the chief protective mechanism upon which the 
invulnerability of the heart to athletic effort 
is based. This invulnerability reflects a biologic 
law which research on exercise has revealed in 
its implications for medical cardiology. The 
autonomic changes which occur during exercise 
are without pathogenetic significance as far 
as the normal heart is concerned, because 
of the briefness of time during which the 
increased functional demands under analysis 
are imposed upon it. Even in the most highly 
trained sportsmen fatigue of the neuromuscular 
system supervenes long before physiologic limits 
of the performance capacity of the heart are 
reached. 

The inherent fatigability of skeletal muscula- 
ture is primarily responsible for the heart’s 
invulnerability against physical exertion. Pulse 
rates of 150 per minute, systolic blood pressures 
of 180 mm. Hg, oxygen intake of 1,800 cc. and 
ventilation levels of 50 L./minute are ubiquitous 
accompaniments of exercise without evidence 
of cardiac fatigue, if performed intermittently. 
The self-regulatory time adjustments between 
rest and activity characterize the physiologic 
nature of exercise and training. 

Under pathologic conditions, however, the 
myocardium readily develops manifestations of 
metabolic and mechanical output imbalances 
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comparable to those that take place under 
physiologic circumstances in the skeletal mus- 
culature during athletic exercise. Under such 
pathologic circumstances these cardiac im- 
balances may eventually even become irrever- 
sible. But the heart will show manifestations 
of this nature only if it is exposed uninterruptedly 
or indefinitely to the kind of stresses that in the 
physiologic state make their appearance but 
intermittently, as is apparent from clinical 
experiences with patients with congenital de- 
fects of the heart, arterial hypertension, hyper- 
thyroidism or other endocrine disturbances. In 
such individuals permanency of disengagement of 
homeostasis is in evidence. 

In the light of the facts now known, Claude 
Bernard’s statement has been reformulated as 
follows: “La fixité du milieu interne est la 
condition de la vie libre pendant inactivité. 
La mobilité du milieu interne est la condition 
de la vie libre pendant travail musculaire.” 


CARDIAC CONTROL IN EXERCISE 


Rushmer'*:!®> has recently said that a “revo- 
lution is currently in progress in the explana- 
tion of cardiac control in exercise.” This 
revolution has modified the interpretation of 
Starling’s “‘Law of the Heart.” 

In his Linacre Lecture (1918) Starling'® 
stated that the mechanisms governing the heart 
at rest as well as during exercise must be situ- 
ated in “the walls of the heart itself and presum- 
ably in the muscle fibers of which they are 
composed.”?. Such a view was derived from 
studies of isolated hearts!?*'8 and of the heart-lung 
preparation which he had perfected. It should 
be kept in mind that the normal environment of 
the circulatory system is abolished in such 
preparations; venous return, intrathoracic pres- 
sure, vascular volume, heart rate and arterial 
resistance are kept constant; neurogenic and 
humoral influences are eliminated. 

Bainbridge’® attributed the increase of heart 
rate during exercise to an accelerated “venous 
return”? acting on receptors of the venous and 
right atrial walls. He drew attention to 
Krogh’s” finding that no corresponding change 
of stroke volume need take place. Subsequently, 
Heymans™! studies of the baroreceptors of the 
carotid sinus and aortic arch shifted the empha- 
sis upon the role played by changes of the 
arterial pressure. Exertional tachycardia was 
thought to be due to a drop in arterial pressure. 
When it was shown that arterial pressure rises 
during muscular work, alternative explanations 
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Fic. 7. Classic concept of cardiac adaptation during 
exercise derived from heart-lung preparation. Diastolic 
volume (1), stroke volume (2) and systolic volume (3) 
increase after a lag (4). Systolic ventricular pressure 
(5), and diastolic filling pressure (6) increase and heart 
rate (7) rises. (From: RusHmer, R. F. and Smirn, 
O. A., Jr. Physiol. Rev., 39: 41, 1959.'4) 


were offered. Today both “local” and ‘“‘cen- 
tral’? control mechanisms of the heart are known 
to be involved in its response to pressure changes. 

According to Starling, cardiac output is aug- 
mented by an increase in heart rate. Greater 
stroke volumes were observed and interpreted 
as being due to increased “venous return” 
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Fic. 8. Performance patterns of the heart of untrained 
(above) and of trained subjects (below) based on 
Reindell’s” didactic use of the pressure-volume diagram 
of Frank,” Straub’ and Starling. The circular 
structures represent the heart. Peripheral outlines 
correspond to cardiac size; the black balls to volume of 
residual blood. Figures preceding the designation ‘“‘mm. 
Hg” refer to arterial pressure; the ones preceding 
**cm.*” to volumes of venous reflow. 1 and are “‘min- 
ima” and “‘supporting-contraction” curves, these terms 
being used as in experimental physiology. x is stroke 
volume, P filling pressure, D diastolic and S systolic aortic 
pressure. All measurements pertain to the left ventricle. 

In the upper diagrams, the work of the heart of a healthy 
adult untrained subject is shown at rest (left) and during 
exercise (right). Systolic arterial pressure increases 
from 120 mm. Hg at rest to 160 mm. Hg during exercise. 
Diastolic end volume remains unchanged (120 cm.*) 
though stroke volume rises during exercise from 60 
to 100 cm.’ Residual blood at the height of systole 
amounts to 60 cm.’ at rest, and to 20 cm.*® during 
exercise. Pressure volume diagrams reflect the corre- 
sponding dynamic changes. 

In the lower diagram, the work of the heart of a highly 
trained athlete is shown at rest (left) and during exercise 
(right). Systolic arterial pressure at rest is 120, during 
exercise 170 mm. Hg. Diastolic end volume -f the 
heart at rest is greater than it is in the untrained: 
180 as against 120 cm.* Stroke volume is 60 cm. 
At the height of systole 120 cm.’ of residual blood are 
retained in the ventricle. Ratio between stroke volume 
and residual blood at rest is 1:3, as compared with 
1:2 for the heart of the untrained. During exercise 
the stroke volume of the heart of the athlete increases 
from 60 to 120 cm.', as against a corresponding increase 
from 60 to only 100 cm.’ for the heart of the untrained. 
In the former, residual blood at the height of systole 
decreases by an amount of 100 cm.', viz., from 120 
cm.’ at rest to 20 cm.’ during exercise; the corresponding 
decrease for the heart of the untrained is 40 cm.’. 
(From: H., Mussuorr, K. and Kuepzic, H. 
In: Handbuch der Inneren Medizin, vol. 9. 1960.?%) 


caused by the pumping action of the active 
skeletal and respiratory muscles as well as to 
peripheral vasodilation. Greater venous inflow 
into the heart was believed to elevate diastolic 
distention. 

In Figure 7 Rushmer!* has summarized the 
classic concept of cardiac adaptation during 
exercise as derived from observations of heart- 
lung preparations. Diastolic, systolic and stroke 
volumes are supposed to increase after a lag. 
Systolic ventricular pressure and effective dias- 
tolic filling pressure are believed to do likewise. 
Heart rate rises. 


HEART VOLUME IN UNTRAINED AND TRAINED 
SUBJECTS 


All estimations of stroke volume used until a 
short time ago were based on indirect evidence. 
Results were contradictory. It was assumed 
that the heart of untrained subjects responds 
to physical exertion primarily by increasing 
rates without stepping up its stroke volume, 
while the heart of trained persons utilizes both 
modalities. A conceptual revolution in applied 
physiology began when roentgenologic studies 
in athletes revealed that, contrary to expecta- 
tion, the diastolic end volume of the heart did 
not increase during exercise??—* (Fig. 8). 

Since the early twenties it was believed that 
the heart responds to an increase of venous 
return as well as to elevation of arterial pressure 
by enlargement of its size and by an increase of 
ventricular filling pressure. In accordance with 
data obtained in studies with isolated hearts, 
it was assumed that any enlargement of the 
human heart denotes an emergency mobiliza- 
tion of myocardial reserves. However, in 
many pathologic states associated with elevated 
ventricular filling pressure or increased arterial 
resistance, the size of the heart does not neces- 
sarily change. On the other hand, the heart 
of the trained athlete, in whom there is no 
increase in ventricular filling pressure and no 
elevation of arterial pressure, tends to be larger 
than that of the untrained® (Fig. 9). The 
concept that the large heart of the athlete 
represented an instance of myocardial reserves 
being mobilized and that such mobilization 
involves a threat of cardiac insufficiency evi- 
dently was thus rendered untenable. 

The small human heart at rest operates with 
small amounts of residual blood; the large 
human heart at rest operates with large amounts 
of residual blood. These two patterns charac- 
terize circulatory situations that are typical 
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Relationship between cardiac volume and physical efficiency. 


A = 67 normal subjects, 20-40 years of age. 
B= 30 track and field othietes and gymnasts. 
C = 86 middle distance runners, football and tennis players 


+ = trained sportsmans of limited performance capacity D = 66 steeple chase, marathon and other long distance runners ; 


skiers; amoteur-cyclists and oarsmen. 


E = professional cyclists. 


Fic. 9. Effect upon size of the heart of physical activity demanding different degrees of endurance. 
DELL, H., Kiepzic, H., Sreim, H., MussHorr, K., Roskamm, H. and Scuitpce, E. 


(From: Rein- 
Kreislaufkrankheiten und Sport. 


Eine klinische Betrachtung tiber Leistungssteigerung, Leistungsschwache und Prophylaxe des Kreislaufs. 1960. 


Barth.??) 


of the untrained and of the trained subject, 
respectively. As pointed out before, the heart 
of the trained athlete is larger than that of the 
untrained. At the end of systole, the former 
retains considerable amounts of residual blood 
while the latter empties itself more com- 
pletely.?¢.27 


ADJUSTMENTS TO EXERCISE IN UNTRAINED AND 
TRAINED SUBJECTS 


The “revolution in the explanation of cardiac 
control of exercise’? of which Rushmer has 
spoken is still in progress. It is generally 
admitted that the heart of the trained athlete 
tends to be larger than that of the untrained; 
and that the enlargement in question is due to 
dilatation as well as to hypertrophy. Such 
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myocardial hypertrophy as occurs in athletes 
is characterized by a conspicuously favorable 
capillary supply pattern.”* 

At rest the ventricles of the athlete are be- 
lieved to have forward stroke volumes that are 
smaller than those leaving the ventricles of the 
untrained. Considerable amounts of residual 
blood are retained in the heart of the athlete at 
the height of systole. The ratio between stroke 
volume and residual blood is about 1:1 or 
1:2 for the heart of the untrained as against a 
ratio of 1:3 for the heart of the trained (Fig. 8). 

During exercise both diastolic and systolic end 
volumes of the heart decrease. The change 
under reference forms part of the broad hetero- 
static shift of the autonomic system during 
muscular activity, as has been discussed earlier 
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MR | ML Tr L 


Heart diameters 1924 6.0 9.7 15.7 16.2 
Heart diameters 1939 | 4.2 88 13.0 13.6 


Difference -18 |-09 |-2.7 |-2.6 


MR-Distance from the midline to the most distant right border. 
ML -Distance from the midline to the most distant left border. 
Tr-Transverse or maximum broad diameter, obtained by adding MR and ML 


L—Maximum long diameter, measured from the right auricular notch to the 
most distant apical border. 


Fic. 10. Orthodiagraphic roentgen measurements of 
heart of the world champion in bicycle racing (W. R.), 
taken in 1924 at the height of his career, and in 1939, 
twelve years after his retirement from the track.” 


(Fig. 8). End diastolic volumes after prolonged 
exercise may amount to less than 70 per cent of 
mean cardiac measurements taken at rest. 
Systolic end volumes of the athlete’s heart 
during exhaustive exercise yield maximally 
reduced dimensions. This adjustment is well 
reflected in the roentgenkymographic pulsation 
changes of the lateral margins of the heart 
shadow. Large amplitudes and a sharp apex 
formation are in evidence during maximal 
physical activity while exceedingly small am- 
plitudes and blunt pulsation outlines are notice- 
able at rest. During exercise the amount of 
residual blood remaining in the ventricle at 
the height of systole is very much reduced. 

Such distinctions in the adjustment of the 
heart to’ exercise as exist between trained and 
untrained subjects are not necessarily demon- 
strable for every individual couple of cor- 
responding opposites. It is of axiomatic im- 
portance to realize that categorical differences 
from statistical mean patterns of physiologic 
responses to exercise and training may be en- 
countered in group and in case analyses, respec- 
tively. Incidentally, such differences illustrate, 
as it were, the physiologic principle underlying 
the integrative action of the nervous system in 
its projections upon the neuromuscular as well 
as upon autonomic functions and their adaptive 
modifications. 

That training causes a number of relevant 
quantitative variants to manifest themselves 
in the cardiovascular system has been statisti- 
cally proved over and over; the heart of the 
untrained responds to exercise with a greater 
increase in its rate than that of the trained 
(Fig. 4). The extent of reduction of both 
diastolic and systolic end volumes of the heart 
of the untrained is less than it is in the case of 
the heart of the trained. Corresponding dif- 
ferences are noticeable roentgenkymographi- 
cally. Tracings from the majority of untrained 
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B A Alt 
Fic. 11. Direct body contact acceleration ballisto- 
cardiograms. A, champion mile runner; B, healthy 


untrained university student; C, exchampion forty- 
six years of age (long distance runner) twenty years after 
discontinuation of training. (From: Joxt, E., Am. J. 
Cardiol., 4: 105, 1959.9) 


subjects taken at rest are more sharply delineated 
while during exercise large amplitudes and sharp 
apex formation are typical of the athletes’ 
cardiac tracings but are not usually encountered 
in subjects who are not adapted to the demands 
of strenuous muscular activity. 

To repeat, the morphologic and functional 
features that are characterstic of the. athlete’s 
heart represent a significant statistical trend but 
nothing else. But as Figure 9 shows, the scatter 
of volumetric measurements taken from hearts 
of trained and of untrained individuals is such 
that many an outstanding sportsman can be 
shown to have a heart smaller than that of 
many an untrained person. A roentgenogram 
obtained by us from one of the best long distance 
runners of the United States showed the heart 
size so small as to place it near the extreme “left 
wing” of column A in Figure 9 in which cardiac 
measurements of untrained young men are 
plotted. A gradual diminution in cardiac size 
at rest was found to accompany discontinuation 
of competitive training in top class athletes (Fig. 
10), but individual observations to the contrary 
are on record. Cureton®* demonstrated re- 
duction in cardiac size in two middle-aged 
men after a period of intensive physical training. 


BALLISTOCARDIOGRAMS OF ATHLETES 


Not so long ago we made the puzzling dis- 
covery that exceptionally large, sharply defined 
amplitudes distinguished the ballistocardiograms 
of many of the best United States middle and 
long distance runners at rest*® (Fig. 11). What 
about the general assumption today of con- 
spicuously low stroke volumes of athletes’ hearts 
at rest? I do not know. The significance of 
the above findings was underscored by results 
obtained in subsequent studies undertaken with 
highly trained as well as with untrained men and 
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| | | | | | | | | 
- HEART RATE PER MINUTE - 
PLACE REFERENCE LINE ON A HEART COMPLEX AND WHERE SAME PORTION 
OF COMPLEX — REMOVED RATE IS OBTAINED 
EKG 


3 


Fic. 12. Top, untrained; bottom, trained. Electrocardiogram (lead 1) and ballistocardiogram (direct body contact 
acceleration recording) of twenty year old student taken at rest before (upper tracing) and after (lower tracing) a 
seven months’ period of intensive training in long distance running. A striking reduction of heart rate (79 to 45) is 
in evidence. During the seven months there occurred a performance improvement of running times to 10.52.2 min- 
utes from an initial 15.31.4 minutes as measured on the standard cross country course (2.03 miles). The tracings re- 
flect the currently accepted views of the physiologic adjustments to training of the resting heart rates and ballisto- 
cardiographic amplitudes, but responses of resting heart rates of this magnitude are rare. Even after the most intensive 
training of endurance, decreases of more than 25 beats per minute are exceptional. Statisticaily, bradycardia at rest 
nevertheless represents one of the most characteristic features of the circulation of champion middle and long distance 


runners. (From: E. In: 


women who ran two miles on our experimental 
standard cross country course. Again, some of 
the findings did not tally with the accepted 
“rules” of physiologic response to strenuous 
muscular effort. In fact, cardiac work output 
at rest as assessed from IJ amplitude analyses in 
the ballistocardiogram is significantly greater in 
trained than in untrained subjects, as well as in 
“good”? and “‘bad” long distance runners with 
running times being taken as criteria of per- 
formance rating. In some of the best runners 
we found low postexercise amplitudes in the 
ballistocardiogram while some of the least 
efficient runners showed very high deflections 
immediately after the race. In other words, 
the statistical pattern (Fig. 12) need not be 
reflected in every case at all. Stroke volume 
responses to athletic exercise as well as to training 
are evidently controlled according to a more 
complex regulation pattern than is generally 
assumed at present. Recent studies have shown 
that all these adjustment mechanisms to exercise 
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have long term implications in respect to cardio- 
vascular morbidity and mortality patterns.*! 
The whole problem required further studies. 


PuysicAL FItNEss IN HEALTH AND DISEASE 


Numerous clinical case reports of subjects 
with high athletic efficiency in the presence of 
cardiac abnormalities leave no doubt that 
cardiac stroke volume is one of several determi- 
nants of physical endurance, but certainly not 
the only one. The role played by adjustments of 
stroke volume for physical endurance may be 
modified by other heterostatic influences some 
of which are evidently not yet fully understood. 
It is only with such an assumption that one can 
explain why athletes with complete atrioven- 
tricular block, with aortic regurgitation and 
mitral stenosis, with interatrial or interventric- 
ular septal defects, with block even of large 
branches of the coronary artery, have been 
able to participate successfully in athletics. 
At the same time the need for prolonged bed 
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rest has remained an important medical rule 
adopted daily in cardiological wards. An 
attempt must be made to disentangle this 
puzzling complex of seemingly irreconcilable 
observations. My impression is that physical 
fitness in health and in disease depends more 
than has hitherto been realized upon nervous 
_control, and that the categorical significance 
of the stability of the underlying pathologic 
processes has not yet been sufficiently stressed 
in this context. I agree with Rushmer’s 
view that “the integrative function of the nerv- 
ous system must be a primary factor in normal 
cardiac control,” though I have no doubt 
that the same statement applies to pathologic 
states of the cardiovascular system. By inte- 
gration I mean in this respect the flexible com- 
bination of functional units in varying arrange- 
ments; that is, a physiologic state of affairs 
corresponding to that which was clarified 
one hundred years ago by Hughlings Jackson 
when he studied the role played by the cerebral 
cortex in the control of voluntary movements. 
Jackson arrived at the conclusion that the 
cortex is concerned with the attainment of 
motor aims and not with the activation of 
fixed muscular contraction patterns. The simi- 
larity between the two instances, the one taken 
from circulatory physiology, the other from 
neurophysiology, is by no means simply alle- 
gorical. After all, the cardiovascular system 
is the chief autonomic supporting agency for the 
execution of the neuromotor system’s tasks. 
In the process of satisfying the body’s oxygen 
needs as well as its thermoregulatory require- 
ments during exercise, the cardiovascular sys- 
tem is in a position to use different partial 
functions in varying combinations at different 
times, under the same or under different cir- 
cumstances. Nervous impulses mediated by 
cortical, subcortical and midbrain levels play a 
decisive role in “‘steering’’ cardiovascular adjust- 
ments to the demands of muscular activity 
in an appropriate manner. 

Permanent or chronic adjustments of auto- 
nomic functions te training frequently represent 
secondary events in accordance with the hier- 
archic scale to which integrative physiology is 
bound. It is insufficiently known that the phys- 
iologic adjustments under reference follow and 
do not precede the establishment of the individ- 
ual’s improved neuromotor performance capac- 
ity. The latter is, of course, the chief indicator 
of the efficacy of the training process. During 
1959 we conducted an intensive physical train- 


ing experiment with university professors who 
were between thirty-five and fifty years of age. 
The latter participated for six weeks in an inten- 
sive daily exercise program consisting of calis- 
thenics, apparatus gymnastics, swimming, 
weight lifting and play activities. A highly sig- 
nificant performance improvement was in evi- 
dence at the end of the six weeks. Such 
cardiovascular training adjustments as could 
be demonstrated were slight and quantitatively 
incommensurate with the neuromotor achieve- 
ment gain. Noeffect whatsoever had established 
itself at the same time in respect to blood 
cholesterol levels and to the coagulation 
mechanism of the blood. 


SUMMARY 


This paper is concerned with two key physio- 
logic problems upon which the understanding 
of rehabilitation in cardiology rests: (1) The 
recent elaboration of Claude Bernard’s classical 
idea of the “‘milieu interne” and (2) the current 
revolution in the explanation of cardiac control 
in exercise in physiologic and pathologic cir- 
cumstances. 

As to the first, the concept of homeostasis 
has only recently come into its own because of 
the clarification of the juxtaposition of the 
homeostatic situation vis-a-vis the diametrically 
different pattern of disengagement of the 
autonomic components which are encompassed 
by both. The disengagement from the homeo- 
static resting state—originally identified during 
physiologic analyses of exercise situations—is 
called heterostasis. As a result of the under- 
standing of the bipolar nature of the relation- 
ship between homeo- and heterostasis a new 
and fruitful approach has evolved in respect to 
the diagnostic and prognostic assessment of the 


cardiovascular system’s actual and—in view of 


our growing knowledge of the training process— 
also of its potential resources. In athletics as 
well as in clinical medicine new vistas have thus 
been unfolded and the quantitative deter- 
mination at rest and during exercise of cir- 
culatory functions such as heart rate, blood 
pressure, stroke and minute volume, oxygen in- 
take and ionic exchanges has thereupon assumed 
a new importance. 

Secondly, in order to grasp the full implication 
of the issue in situations with which the physician 
is confronted when considering the appropriate- 
ness of applying physical training in the re- 
storative treatment of cardiac patients another 
question must be considered: that of the 
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stability of the underlying pathologic process. 
The answer to this question determines from 
case to case whether exercise and training can 
be applied in the treatment of cardiac patients 
or, in other words, whether their condition is 
amenable to active rehabilitative treatment. 
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T HAS BEEN WELL demonstrated that the 
I person with heart disease can be an effective 
and productive worker if placed on a suitable 
job. The work of Goldwater’ and Hellerstein 
and Goldston*® among others has demonstrated 
this fact in a convincing fashion. The. work 
records of patients who have been studied by 
the various cardiac work evaluation clinics 
have been impressive, as has the number of car- 
diac patients who were judged able to return 
to work.’ Finally, there is no substantial evi- 
dence that appropriate work has had any ad- 
verse effect on the course of the workers’ heart 
disease.‘ 

In advising cardiac patients about activity 
it is essential to know as precisely as possible 
the patient’s functional capacity. Recommen- 
dations for training, change of job or continuing 
the same work hinge on the patient’s tolerance 
to exercise. In clinical practice the determi- 
nation of functional capacity is based on the 
patient’s history and is not subject to any means 
of confirmation. Reports in the literature®:® 
suggest that this means of determination may 
not be entirely accurate or satisfactory. The 
increasing acceptance of cardiac workers by 
industry makes accuracy a matter of practical 
significance to the patient and to industry. 

Exercise testing has been advocated to aid 
the evaluation of cardiac patients. Warren,°® 
in reviewing the subject in 1952, recognized 
that there were deficiencies in clinical evalua- 
tions. He discussed the various test procedures 
recommended and concluded that they con- 
tributed little to the clinical evaluation. He 
expressed the hope that a suitable test of func- 
tional capacity might be developed. Harris’ 
felt that the parameters of the tests that had been 
devised had too many variables to be reliable. 
Objections have been raised to exercise for 
cardiac patients on the grounds that it is dan- 
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gerous, unnecessary and adds little useful 
information. There are a few case reports of 
the adverse effects of exercise usually occurring 
during an anoxemia or Master two-step test.® 
Such tests are usually performed as diagnostic 
procedures to aid in the evaluation of pain 
in the chest and not for the purpose of deter- 
mining functional capacity.°® 

Bruce’® has reported extensively on the value, 
safety and reproducibility of an exercise test 
using a motor-driven treadmill, the physical 
fitness index. He and other investigators have 
used this test for a variety of clinical and investi- 
gative purposes. It is the purpose of this re- 
port to present data and impressions obtained 
by the use of Bruce’s exercise test on a group of 
cardiac patients who were evaluated at the 
Washington Cardiac Work Evaluation Clinic 
for return to work. 


PROCEDURES 


All patients had a medical history and physical 
examination by a staff physician, a roentgenogram of 
the chest, fluoroscopy, electrocardiogram, timed vital 
capacity and routine blood and urine examinations. 
The functional and therapeutic status was estimated 
according to the classification of New York Heart 
Patients were also interviewed by a 
psychiatrist, a medical social worker and a vocational 
counsellor. After these interviews and examinations 
were completed the exercise test was performed. 

The test used, the physical fitness index, has been 
described by Bruce et al.!4!2 The test required the 
patient to walk on a motor-driven treadmill traveling 
at 150 feet per minute on a 10 per cent grade for ten 
minutes or until he was forced to stop by symptoms. 
The blood pressure, electrocardiogramt and respira- 


+ A tracing was obtained by attaching the left arm 
lead to a chest electrode at the V; position, the right 
arm lead to an electrode near the tip of the right scapula, 
and the right leg lead to a right chest electrode. The 
tracing is recorded from the lead 1 position on the 
electrocardiograph. 


* From the Washington Cardiac Work Evaluation Clinic, Seattle, Washington. 
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TABLE I : 
Classification of Patients by Diagnosis 


Exercise Testing of Cardiac Patients 


TABLE 
Symptoms During Exercise Testing 


Per cent of 
Patients 


Diagnosis 


Per cent of 


Symptom Patients 


Coronary arteriosclerosis 
Hypertensive cardiovascular 

disease 2.2 
Rheumatic heart disease 16.0 
Congenital heart disease 4.0 
No heart disease 7.0 
Undiagnosed manifestations 2.6 


tory efficiency* were recorded at each minute of the 
test. 

Prior to exercise these data were recorded for four 
minutes with the patient sitting and for one minute 
standing. After the exercise was terminated the same 


information was recorded for five minutes. These 
intervals were the same whether or not the patient 
was able to complete the prescribed ten minute exer- 
cise period. The patient was questioned about any 
symptoms which may have developed and was 


examined to determine the presence of any cardio- © 


pulmonary abnormalities which may have occurred. 
Positive findings were recorded. 

A score, the physical fitness index, was derived from 
the data obtained according to the following formula: 


R 
PFI = EXRXK 
Cc 
E = duration of exercise in minutes; R = average 
respiratory efficiency during exertion; K = 100, a 
constant; C = cumulative heart rate for the first 


three minutes of recovery. 
Normal values for this test range from 13 to 26; 
there is a high degree of reproducibility. 


RESULTS 


Three hundred and sixty-six patients of the 
Washington Cardiac Work Evaluation Clinic 
were referred for exercise testing. For various 
reasons 4 per cent of the patients were not 
exercised. Only four persons were rejected 
from testing because of the severity of their 
heart disease. All of these four had symptoms 
of recent origin suggesting impending myo- 
cardial infarction. Most of the tests have been 
performed by one examiner. 

Table 1 classifies the patients by diagnosis. 
As might be anticipated, the majority of 
patients had arteriosclerosis with a moderate 


* By means of a face mask and tubing the expired air 
is pumped through an oxygen analyzer. The difference 
between the oxygen content of the inspired and expired 
air is termed the respiratory efficiency. 
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Dyspnea 
Fatigue and weakness 36 
Chest pain 26 


number having some form of rheumatic val- 
vular disease. 


RESULTS OF EXERCISE TEST 


Symptoms During Test: Of the 351 patients 
actually tested 65 per cent were able to com- 
plete the prescribed ten minute walk, 15 per 
cent were able to walk three to nine minutes 
and 20 per cent were able to walk three minutes 
or less. Tests were most commonly termi- 
nated because of the development of dyspnea, 
fatigue or pain in the chest. These symptoms 
developed in milder degree rather often during 
the test (Table 11) but did not always require 
termination of the test. 

Dyspnea was the most frequent complaint, 
occurring in 54 per cent of the patients. It 
was moderate to severe in 44 per cent of the 
patients. Chest pain of moderate to severe 
degree developed in 33 per cent of the patients 
with coronary atherosclerosis. 

Regardless of the severity of the symptoms, 
most had subsided by the end of the five minute 
recovery period. An occasional patient com- 
plained of fatigue and vague chest discomfort 
that continued for several hours. Re-examina- 
tion of these subjects has failed to reveal evi- 
dence of worsening of their heart disease. 

Electrocardiographic Changes: These were seen 
in 25 per cent of the patients (Table m). 


TABLE 
Electrocardiographic Changes 


Per cent of 
Patients 
Change 
During During 
Exercise Recovery 

S-T segment 

depression 21 16 
T wave changes 24 18 
Premature ventricular 

contractions 14 2 


331 
Stan 
a 
| 
| 
ir 


332 Levenson and Sparkman 


In general these changes appeared in the pa- 
tients with the symptoms previously described. 
It was our policy to continue the test in the pres- 
ence of electrocardiographic abnormalities un- 
less symptoms appeared. In patients receiving 
digitalis it was not uncommon to find significant 
S-T segment depression without the appear- 
ance of symptoms. Rheumatic patients with- 
out evidence of coronary artery disease oc- 
casionally exhibited this finding. 

Various types of T wave changes including 
inversions, lowering and increase in height, 
have been observed. In some instances sig- 
nificant S-T segment changes appeared during 
exercise, disappeared promptly with rest and 
were replaced by striking IT wave changes. 

Premature ventricular contractions during 
exercise developed in 14 per cent of the patients. 
Such changes have been regarded as evi- 
dence of myocardial irritability when they 
were observed during or after exercise. 

With one exception all of the changes during 
testing had returned to normal by the end of the 
recovery period. Left bundle branch block 
developed in one man during exercise and has 
persisted. 


CORRELATION WITH CLINICAL CLASSIFICATION 


After the testing and interviews were com- 
pleted, the material was presented at a team 
conference. At this time a comparison was 
made between the functional classification as 
determined by the clinician, and the exercise 
performance in terms of score, duration of exer- 
cise and symptoms. If the exercise perform- 
ance was consistent with the clinical estima- 
tion of functional capacity the latter was ac- 
cepted. Ifthere was an obvious discrepancy be- 
tween the functional capacity and the exer- 
cise performance, both the test result and the 
clinical estimate were reconsidered; only 
then was the clinical classification made final. 

In 75 per cent of the cases, the patient’s exer- 
cise performance and his clinical classification 
were in accord. However, in 20 per cent of the 
tests the clinical estimate and exercise per- 
formance seemed clearly inconsistent. On 
review of both, the clinical evaluation was 
usually found to be inerror. Taking the history 
again or reconsideration of the original history 
resulted in a change of functional classification 
in this group. The classification was raised in 
11 per cent and lowered in 9 per cent of the 
patients. 


TABLE IV 


Factors Responsible for Errors in Clinical Evaluation of 
Functional Capacity 


eae Per cent of 
Patients 
Inadequate history 13.0 
Patient’s tolerance too limited to 
test 4.0 
Other diseases more limiting 2.5 
Recent recovery from illness 0.5 


Factors Causing Errors in Clinical Evaluation: 
A number of factors were responsible for the 
errors in the clinical evaluation of functional 
capacity (Table 1v). As indicated, the primary 
reason for error appeared to be an inadequate 
history. Some patients were unable to give a 
history that permitted an accurate determina- 
tion of functional capacity. In others there was 
faulty interpretation of the history. Many 
of the patients were not able to describe their 
activities in terms that had meaning to the ex- 
aminer. For example, a farmer with cardiac 
disease complained of severe symptoms with 
what he and the physician considered to be a 
routine work load and he was classified in class 
IIC. However, he was able to complete the 
full exercise test without symptoms or electro- 
cardiographic changes and had a normal test 
score. In retrospect his work was exceedingly 
strenuous, requiring much more effort than the 
examiner had been led to believe. 

A significant number of patients had limited 
themselves to such a degree that any attempt 
at classification without some form of an exer- 
cise test was little more than an educated guess. 
Frequently, patients of this group limited them- 
selves because of noncardiac symptoms (pain 
in the chest wall, dyspnea due to pulmonary 
disease) which they considered to be of cardiac 
origin. Because of the fears associated with 
these symptoms they were reluctant to exert. 

On occasion the family, friends and even the 
physician being fearful that “work causes heart 
trouble” restricted the patient well beyond the 
time that is considered necessary by the current 
concepts of heart disease. As with the group 
previously described, these patients had not 
had an opportunity to learn their limits. 

The patients who were tested soon after re- 
covering from an illness such as a myocardial. 
infarction had not had an opportunity to learn 
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whether any limitations had been imposed by 
the disease. 


DRAWBACKS AND VALUES OF TEST 


The test was not infallible. On a few oc- 
casions the patients exhibited so much anxiety 
at the prospect of being subjected to exercise 
that they were unable to perform adequately. 
A few were very distressed because of the face 
mask and could not perform satisfactorily. 
The test was of limited value in some of the pa- 
tients with heart disease who also suffered from 
some other disorder such as cerebrovascular 
disease, emphysema and peripheral arteriosclero- 
sis. However, even in these patients there was 
often value in determining both the nature and 
degree of disability under direct observation. 
It has been the policy of the clinic to exercise 
all of the patients other than those previously 
described as exempt and those with complaints 
of acute cardiac disease. With these exceptions 
the test has been a valid and satisfactory indica- 
tion of the patients’ functional capacity. 

In addition to the data provided on functional 
capacity, the test had an unexpected therapeu- 
tic value. Some of the patients who had been 


fearful and had restricted themselves needlessly 


gained confidence by exercising in the presence 
of a physician and while attached to an electro- 
cardiograph and other monitoring equipment. 
This new confidence frequently seemed to be an 
important part of a successful return to employ- 
ment. The converse was also noted. A pa- 
tient who denied his symptoms was able to 
accept his limitations and to adjust to these 
limits. These observations frequently have been 
volunteered by the patients on follow-up visits. 
Although they were purely subjective, these 
factors were important in motivating some pa- 
tients to return to work. 


COMMENTS 


In a discussion of exercise tests, the use of 
other tests, particularly those which may be 
applicable to office practice, should be con- 
sidered. Although a treadmill is available for 
office use, few practitioners are likely to obtain 
one. A modification of the treadmill test has 
been described using a step and measuring 
essentially the same parameter as the physical 
fitness index. It has proved a satisfactory proce- 
dure for office use." 

Although a Master two-step test is commonly 
used as a method of confirming the presence of 
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coronary insufficiency the physician may obtain 
valuable data on the individual subjects func- 
tional capacity by observing the performance 
of the test.'® This test requires a greater ex- 
penditure of energy in a shorter period of time 
than does the physical fitness index. The 
energy costs may be greater than that of many 
jobs as well. Ford and Hellerstein'® have 
studied and reported on energy demands of this 
test and related these demands to those of various 
types of work. 

Should the examiner wish a less elaborate 
evaluation, he may observe the patient in the 
performance of some simple exercise. Observ- 
ing the manner inwhich a person climbs a flight of 
steps may provide much information. Atten- 
tion should be paid to the speed with which 
he walks, the character of his respirations and 
whether he complains of symptoms with this 
degree of exercise. The patient who has symp- 
toms after climbing one or two flights of steps, 
especially at a slow rate, is moderately disabled 
(functional class II and III). 


SUMMARY 


Recognition has been given to the fact that in 
some instances a clinical evaluation may not be 
a suitable means of determining the functional 
capacity of a cardiac patient. The proper 
determination of this status is of great importance 
in advising a patient as to what activity and 
work he may safely undertake. 

An exercise test has been used as a routine 
part of the evaluation of patients seen at the 
Washington Cardiac Work Evaluation Clinic. 

Seventy-five per cent of the patients per- 
formed the test in keeping with the clinical esti- 
mate of their disability. In 20 per cent the 
patient’s functional classification was changed 
at least one grade when he was re-evaluated 
after being tested. The reason for such varia- 
tions may not be obvious to the examiner with- 
out the information provided by an exercise 
test. 

Although symptoms of disease and electro- 
cardiographic changes were commonly noted 
in patients taking the test, all had subsided by 
the end of the recovery period except for a per- 
sisting left bundle branch block in one case. 

Many of the patients have reported increased 
confidence in their ability to exercise safely 
after the test. Others are finally willing to ac- 
cept their limitations. 

Simpler forms of exercise test are readily 
available to most clinicians. Use of such 
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tests could provide the physician with sounder 
basis for advising his cardiac patients. 


. Gotpwater, L. J. 


. Sopin, S. S. 


- Harris, E. A. Exercise tolerance tests: 


REFERENCES 


Heart disease in relation to 


employment. J. Nat. M. A., 45: 21, 1953. 
. HeEtterstern, H. K. and Go.tpston, E. Re- 
habilitation of patients with heart disease. 


Postgrad. Med., 15: 265, 1954. 

Work classification unit survey. 
Rosenbaum, F. F. and Belknap, E. L.; 
New York, 


In: 
Work and the Heart, pp. 340-347. 
1959. Paul B. Hoeber. 


. SPARKMAN, D.R. Personal observation. 
. Warren, J. V. The clinical use and limitations 


of tests of cardiac function. Mod. Concepts 


Cardiovas. Dis., 21: 124, 1952. 


. Levenson, R. M. Exercise tolerance of cardiac 


patients. Northwest Med., 55: 228, 1956. 
Lancet, 


2: 409, 1958. 


. Grossman, L. A. and GrossmMan, M. Myocardial 


infarction precipitated by Master two-step test. 
J.A.M.A., 158: 179, 1955. 


. Master, A. M. The two-step exercise electro- 


10. 


11. 


12. 


13. 


14. 
25. 


16. 


Levenson and Sparkman 


cardiogram: a test for coronary insufficiency. 
Ann. Int. Med., 32: 842, 1950, 

Bruce, R. A. Evaluation of functional capacity 
and exercise tolerance of cardiac patients. 
Mod. Concepts Cardiovas. Dis., 25: 321, 1956. 

Nomenclature and Criteria for Diagnosis of the 
Heart and Blood Vessels, 5th ed., New York, 
1953. New York Heart Association. 

Bruce, R. A., Loveyoy, F. W., Yu, P. N. G. and 
McDowE tL, M. E. Evaluation significance of 
physical fitness for moderate work. Arch. Indust. 
Hyg., 4: 236, 1951. 

WE cH, G. E., Bruce, R. A., Brinces, W. C., 
Jounson, A. D., LeHman, J. H., Nievsen, M. 
and GLENN, D. Comparison of a new step test 
with a treadmill test for the evaluation of cardio- 
respiratory working capacity. Am. J. M. S¢e., 
223: 607, 1952. 

Micuet, J.C. Personal communication. 

Master, A. M., Nuzie, E. S., Brown, R. C. and 
ParRKER, R. C. The electrocardiogram and the 
“two-step”” exercise. A test of cardiac function 
and coronary insufficiency. Am, J. M. Sc., 
207: 435, 1944. 

Forp, A. B. and HELtterstein, H. K. Energy cost 
of the Master two-step test. J. A. M. A., 164: 
1868, 1957. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


fit 
Ree 
E 
3 . 
H 
i 
f 3 
| 
|i 
Sh 
= 
hyd, 
andy: 
Ne 
‘ 
4 
3 


Rehabilitation of the Child with Congenital 
Heart Disease’ 


Patrick A. ONGLEY, M.B., CH.B. and JamMEs W. DuSHANE, M.D. 


Rochester, Minnesota 


ore than 35,000 children with congenital 
heart disease are born in the United 
States each year. Depending on the serious- 
ness of their illness and the attitudes of those 
persons Caring for thera, these children may have 
relatively pleasant or extremely difficult lives. 
In this paper we shall stress particularly 
those aspects of rehabilitation which will enable 
the child with congenital heart disease to be- 
come an integral member of his family and com- 
munity and to attain his maximal physical, 
emotional and scholastic development. 


THE GOALs AND How To ACHIEVE THEM 


In our efforts to assist the handicapped child 
we must formulate goals which are reasonable 
and realistic. The majority of patients with 
congenital heart disease will be able to live and 
work in an essentially normal and productive 
manner. Some, because of other congenital 
deformities or because of the seriousness of their 
disease or its complications, will be more limited 
and their life span also may be diminished. The 
program outlined for each child must be in- 
dividualized and based on a realistic assessment 
of the severity of the disease and‘ the ultimate 
attainable social status of the child. We must 
assist each child to reach the fullest measure of 
intellectual, social and emotional development 
of which he is capable. The more complete the 
emotional and intellectual development, the 
better able is the child to accept his physical 
disability and compete with his peers. Undue 
restriction or overindulgence because of physi- 
cal disability tends to divorce the child from the 
realities of everyday life and to make him less 
well prepared to cope with problems in the 
future. 

Medical Evaluation: Complete medical evalua- 
tion of each patient is essential. Amn accurate 


* From the Section of Pediatrics, Mayo Clinic and Mayo Foundation, Rochester, Minnesota. 


diagnosis and a thorough knowledge of the 
natural history of the disease process allow 
proper treatment to be outlined and the prog- 
nosis to be determined. Without the basic 
items of diagnosis, treatment and prognosis it 
is not possible to establish an intelligent and 
comprehensive rehabilitation program. Exact 
diagnosis and prognosis are not always possible 
in infancy and in some cases a final opinion 
must be reserved until further observations or 
the performance of more complex diagnostic 
studies clarify the situation. Even without 
an exact diagnosis the problems should be ex- 
plained to the parents as clearly as possible. 
This requires time but is essential and the time 
is well spent. 

Personnel Who Must Cooperate: Many persons 
are involved in the rehabilitation of a child with 
congenital heart disease. These include the 
patient and his immediate family, the doctor, 
the social worker, the child’s friends and 
teachers and, later on, his employers. All must 
try to understand the handicaps of the child but 
all must work toward making him as nearly a 
normal member of the community as is pos- 
sible. This requires time, effort and sacrifice 
on the part of everyone involved but these are 
a small price to pay considering the dividends 
that result. 

The cooperation or otherwise of a patient’s 
family can help or obstruct rehabilitation. 
Sympathy and understanding with a clear con- 
ception of the objectives of treatment can help 
tremendously. Resentment, indifference, over- 
protection or ignorance may delay or per- 
manently obstruct successful rehabilitation. 

The family physician is of great importance. 
He is the person who makes the original diag- 
nosis of heart disease; he selects the institution 


to which the patient will be referred; he is 


The Mayo Foun- 


dation is a part of the Graduate School of the University of Minnesota. 
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acquainted with the parents and the rest of the 
family and knows the community and the en- 
vironment in which the child must live. He has 
knowledge of local educational and welfare 
agencies which may be utilized to the child’s 
advantage and he provides a continuing source 
of moral support and medical advice to the 
patient and his family. 


CLASSIFICATION 


For the purposes of our discussion children 
with congenital heart disease may be placed in 
the following groups: (1) those with surgically 
correctable lesions resulting in a normal circu- 
latory system; (2) those who can be only 
partially helped by operation or who have post- 
operative heart block; (3) those for whom noth- 
ing can be done surgically but can be helped 
medically, and (4) those for whom no satis- 
factory medical or surgical treatment is available. 


AGE FOR CORRECTIVE OPERATION 


The ideal age for corrective surgery is that 
at which the operative repair can be done with 
a minimurn of risk, and the child’s physical and 
mental status will receive the maximal benefit. 
The ideal time for operation will vary depend- 
ing on the nature of the underlying lesion. 
For intracardiac operations using extracorporeal 
circulation the technical difficulties are much 
less in children who are more than two years of 
age than in those who are less than one year old. 
Most operations are best performed before a 
child starts school; he then can start off on 
even terms with his peers. In certain instances 
of large patent ductus arteriosus or severe 
valvular pulmonic stenosis, the risk of delay 
may be such that corrective operation is de- 
sirable during the first few months of life. 
With other lesions, such as coarctation of the 
aorta, it may be considered desirable to post- 
pone the operation until the child is ten to twelve 
years of age. 


SURGICALLY CORRECTABLE CONGENITAL LESIONS 


Patients with this type of disorder may have 
one of several lesions, such as patent ductus 
arteriosus, coarctation of the aorta, ventricu- 
lar septal defect, atrial septal defect, pulmonic 
stenosis and sometimes aortic stenosis. Each 
of these lesions is completely correctable when 
uncomplicated and the child then can be treated 
as a perfectly normal person. Physical restric- 
tions usually are suggested for a few weeks to a 
few months after operation depending on the 


age of the child. There is no point in trying to 
restrict. the exercise of a small baby with a 
patent ductus arteriosus but the activities of 
a ten to twelve year old child who has had a 
recent repair of a ventricular septal defect or of 
aortic stenosis should be restricted to a moderate 
degree for the first one to two months after 
operation. The activity should be gradually 
increased and full activity may be resumed by 
the end of three to four months. 

General Rules: For this group of patients 
with operable and correctable lesions a few 
general rules should be made. 

1. Any child who has had congestive heart 
failure before operation is probably best 
maintained on a diet low in sodium and 
should receive digitalis for four to six weeks 
after operation, although a few are improved so 
dramatically that no medication is necessary. 

2. Patients having congestive heart failure 
after operation should be maintained on a diet 
low in sodium and should receive digitalis 
and other anticongestive measures such as 
diuretics for as long as is necessary. This 
period is usually four to six weeks but may be 
six months or more. 

3. Restriction of exercise is impossible for a 
small baby; it is difficult for children two to 
five years old but is well worth while for chil- 
dren ten to fourteen years old because participa- 
tion in competitive athletics is part of the normal 
life of this group. 

4. Overanxious parents must be reassured 
time and again that their child is cured be- 
cause it is difficult for them to change from an 
overprotective attitude to the realization that 
their child should be considered normal. 


CONGENITAL HEART LESIONS PARTIALLY 
CORRECTABLE BY OPERATION 


Some forms of congenital heart disease with 
severe or multiple defects may be only partially 
correctable surgically. Examples are as fol- 
lows: (1) partial or complete atrioventricular 
canals in which the intracardiac shunts may 
be repaired, but varying degrees of mitral in- 
sufficiency may persist; (2) left-to-right shunts 
with moderate to severe pulmonary vascular 
obstruction which persists after closure of the 
shunt; and (3) development of complete heart 
block after repair of a cardiac lesion. In these 
patients, operation has been only partially suc- 
cessful and the severity of the residual lesion 
will determine the degree of circulatory embar- 
rassment. 
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Rehabilitation of the Child 


If the residual disability is severe, medical 
treatment must be directed toward improving 
the cardiac status; long-term treatment, in- 
cluding vocational guidance and physical ac- 
tivity, must be planned with due consideration 
of the patient’s limited abilities. If a patient 
has severe mitral insufficiency he probably will 
require prolonged anticongestive therapy but 
he may do well after several months and is not 
likely to die suddenly without a prolonged period 
of congestive heart failure. By contrast, the 
patient with severe pulmonary vascular obstruc- 
tion may seem to do well after operation and 
may require only a short course of supportive 
therapy but he may die suddenly at any time, 
days, weeks or months after operation. Pa- 
tients with pulmonary vascular obstruction of a 
lesser degree have not been followed long enough 
after closure of left-to-right shunts for an ac- 
curate long term prognosis to be determined. 

Complete Heart Block After Intracardiac Surgery: 
The rehabilitation of patients with complete 
heart block following cardiac surgery can in- 
volve a tremendous emotional strain for both 
the patient and the entire family. Unlike 
patients with congenital complete heart block 
who are usually asymptomatic, patients with 
postoperative complete heart block may have 
attacks of dizziness or fainting; sudden death 
may result. Of twelve patients discharged from 
our institution with this complication during 
the past few years three have died, three have 
severe symptoms of dizziness and fainting and 
six are asymptomatic with limited activity. 
Careful observation of the symptomatic patient 
places tremendous tension on a_ household. 
Mothers do not dare to leave their children for 
even an hour or two without someone conver- 
sant with the problem keeping a careful vigil. 
Some children who have progressive bradycar- 
dia before they become symptomatic may be able 
to take sublingual isoproterenol hydrochloride 
(Isuprel®) and abort the attack, whereas 
others may have a sudden period of asystole 
with the rapid onset of unconsciousness. To 
rehabilitate these children to anything approach- 
ing a normal life is almost impossible. At best, 
one can try to adjust the dosage and frequency of 
administration of isoproterenol to keep the 
patient as free from attacks as possible. For 
the rest it is hoped that with the passage of time 
the attacks will become progressively less fre- 
quent and will ultimately disappear. Un- 
fortunately, this is not always the case. 
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CHILDREN WITH INOPERABLE CONGENITAL 
HEART LESIONS 

The two principal groups of patients with 
congenital heart lesions which are not surgically 
correctable are those whose lesions are techni- 
cally too difficult to correct; for example, 
persistent truncus arteriosus and single ven- 
tricle; and those whose lesions are technically 
correctable but who have complications which 
make successful operation extremely unlikely; 
for example, atrial or ventricular septal defects 
with pulmonary vascular obstruction of such a 
degree as to make the dominant shunt right 
to left. 

Corrective surgery cannot be anticipated for 
either of these groups of patients in the near 
future at a low operative risk. The parents 
must be told the truth in general terms and if 
the patient is old enough to appreciate the 
problem he too should be told that his heart is 
not as efficient as that of the average child and 
that his activities may have to be restricted. 
If a child is cyanotic the reason for his color 
should be explained. Parents and the patient 
should be told that medical science is advancing 
rapidly, that operations impossible ten years ago 
are now being done every day and that we must 
anticipate further great improvements. The 
child should be seen by his physician at least once 
or twice a year, and more often if his physical 
or psychologic well-being makes this necessary. 
Specific therapy directed to the heart and cir- 
culatory system will depend on the development 
of symptoms or signs of cardiac decompensation. 
Children with congenital heart disease not 
correctable by operation must be guided into 
occupations and careers which are in keeping 
with their physical, mental and emotional abili- 
ties. In the majority of cases this means a seden- 
tary occupation; the greater the child’s intellec- 
tual development and vocational training, the 
greater will be his chances of success. 

Endocardial Fibroelastosis: Many children when 
first examined have cardiomegaly without mur- 
murs and the electrocardiogram shows evi- 
dence of left ventricular overload. Endo- 
cardial fibroelastosis will be the correct diagnosis 
for a large percentage of these patients but there 
is no clinical or laboratory test to prove the 
diagnosis. There is always a chance that in- 
fectious myocarditis is the underlying disease. 
Time and digitalis often are required to solve 
this dilemma. Such patients must be restricted 
from any undue exertion but if they do not 
have congestive heart failure they may lead a 
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quiet and subdued life for several months while 
their progress is being observed. In many 
cases the size of the heart will not diminish 
but will increase; intractable failure or sudden 
arrhythmia may result in death. Only at 
necropsy can the diagnosis of endocardial 
fibroelastosis be proved. In other cases the 
size of the heart may return to normal limits and 
the diagnosis of infectious myocarditis may be 
assumed to be correct, although without the 
isolation of a specific causative organism this is 
not known for certain. Because of the danger 
of early death from endocardial fibroelastosis 
and because the heart usually returns to normal 
size in a few months after infectious myocarditis, 
patients with large hearts and no murmurs, in 
whom pericardial effusion can be excluded, 
should be followed for months or years. If 
there is evidence of cardiac decompensation or 
of cardiomegaly to even a moderate degree 
physical activity should be modified accord- 


ingly. 
ASSOCIATED ANOMALIES 


Children with congenital heart disease may 
suffer also from associated anomalies either 
congenital or acquired. Some may have cata- 
racts; some are mentally retarded and others 
may have varying degrees of kyphoscoliosis or 
hemiplegia. Whatever the associated anom- 
alies, they must be considered in the over- 
all treatment of the child if optimal results are 
to be achieved. 


OVER-ALL PROBLEMS OF REHABILITATION 


In the over-all problem of rehabilitation of 
children with congenital heart disease! three 
main facets must be considered, namely: (1) 
general medical management, 
activity and (3) social and economic factors. 

General Medical Management: Medical care at 
home must involve not only specific treatment 
directed toward the heart itself but also the 
prevention of possible complicating factors 
such as bacterial endocarditis. Bacterial in- 
fections should be treated promptly and vigor- 
ously and antibiotics should be administered as 
a prophylactic measure for tooth extractions 
and minor surgical procedures including cathe- 
terization of the bladder and incision of boils, 
and certainly for any major surgical procedure. 

A good practical approach is very necessary 
in caring for handicapped children. One of the 
greatest drawbacks to intelligent care by par- 
ents is the flood of advice given by their friends. 


(2) physical. 


Advice that such-and-such a clinic or that Dr. 
So-and-So works wonders with this type of 
case can send the family traveling around the 
country and spending beyond their means. 
After the child has been seen in a local clinic 
and if it is decided that further studies are indi- 
cated, he should be referred to a good center for 
complete investigation. If, at the end of this 
examination including special tests that may be 
required, the parents still request a further 
opinion, the history, findings at physical exami- 
nations, electrocardiograms, roentgenograms, 
catheterization data, angiograms or any other 
relevant data should be forwarded to the center 
of choice. In most cases a careful perusal of 
the data will allow the experienced pediatric 
cardiologist to decide whether or not the family 
is justified in spending more money for further 
investigations. A large number of patients 
with operable lesions may be cetected but, on 
the other hand, records also are returned with 
the sad news that nothing can be done. 

One valuable service a physician can provide 
for parents is to correct misconceptions con- 
cerning feeding of babies with congenital heart 
disease. In general, a baby with congenital 
heart disease requires the same food as other 
babies. Feedings may have to be given more 
frequently and in smaller quantities to babies 
who are dyspneic or who have anoxic spells. 
Additional iron may be indicated after the 
age of six months for cyanotic babies who, be- 
cause of fatigue and respiratory distress, do 
not take solids well. Additional vitamins over 
and above those prescribed for normal babies, 
or so-called tonics are not necessary. 

Physical Activity: Several details must be 
considered in a program of physical activity for 
any affected child. These are: (1) the serious- 
ness of the disability including complicating 
factors such as hemiplegia, (2) the home environ- 
ment, (3) the sympathy or otherwise of the 
parents, (4) the climate in which the child lives, 
(5) the distance that the child has to go to school, 
(6) the availability of transportation and (7) 
the temperament of the patient. These fac- 
tors and many more will modify the program for 
each individual patient. The program should 
be specific and should not consist of a series of 
vague generalities when the physician himself is 
unsure and the family is confused. 

The degree of physical activity which can be 
enjoyed by each patient depends largely on his 
capacity for exercise rather than on the nature 
of the underlying disease. Children with severe 
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cyanotic congenital heart disease will become 
breathless before they have accomplished much 
exercise; the same will apply to patients in 
congestive failure whatever the underlying 
cause. Patients with aortic stenosis must be 
restricted physically because although able to 
carry out vigorous exercise their efforts may 
result in sudden death. Patients with coarc- 
tation of the aorta and hypertension in the upper 
extremities are probably better off restricting 
themselves from strenuous activities until after 
surgical removal of the coarcted segment. The 
well-known association of coarctation of the 
aorta with small aneurysms in the intracranial 
circulation makes subarachnoid hemorrhage a 
real danger. 

Economic and Social Considerations: Congenital 
heart disease of a serious nature will not get 
better spontaneously except in a small number 
of patients. Rather, the symptoms are likely 
to become more marked and the disability 
greater with the passage of time. This gradual 
worsening of the physical state usually is ac- 
companied by a continuing drain on the eco- 
nomic resources of the family, often causing 
tension within the family and a severe degree 
of emotional stress in the patient. Under 
these difficult physical and emotional circum- 
stances a child may have considerable trouble 
adjusting socially and may become introverted 
or openly defiant and hostile. It is hard for a 
child to understand why he is different from 
others, why his skin may be blue and why he is 
being taken periodically to the doctor’s office. 
The fears and neurotic traits of children are more 
difficult to analyze than those of adults but they 
may be just as real. Children, especially the 
older ones, who have been subjected to cardiac 
catheterization and cardiac surgery which may 
or may not have been completely successful may 
have a real fear of dying. Appreciation of this 
fact helps in understanding a child’s behavior 
and may create a bond of sympathy between 
the physician and his patient. 

Adequate care of a child’s medical and emo- 
tional needs improves his general feeling of well- 
being and makes his social adjustment much 
easier. The important aspects of social ad- 
justment for handicapped children involve in- 
terpersonal relationships, education and, ulti- 
mately, a vocation which must be tailored to the 
child’s anticipated abilities and potential. In 
this last regard a vocational counselor may be 
of considerable assistance. While attending to 
these many aspects of a child’s welfare the per- 
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sons near a child must not forget that whatever 
they do in an effort to care for a patient they 
must preserve the personal dignity of that patient 
and make him feel that he belongs in the family 
and in the community. In this way he can be 
encouraged to make the best of his physical 
and mental abilities. 

Many questions are asked by the family of a 
child with congenital heart disease. Each of 
these questions should be answered honestly 
and intelligently by the physician. Each ques- 
tion illustrates the fears of the family and an 
incorrect answer can lead to considerable dis- 
appointment and expense. The physician 
should anticipate these questions and he 
prepared to answer them. The following 
questions represent some of those more com- 
monly asked: 

Will he grow out of this? 

Will an operation cure him? 

Will medicines help? 

How long will he live? 

How much will he be able to do? 

Will his symptoms progress? 

Should we move to a different climate? 
How much should we restrict him? 
Willa special diet help? 

If we have other children, will they also be affected? 
Why did this happen to us? 

A frank discussion with the parents should 
enable the physician to answer these questions 
honestly and he should not let the parents depart 
while still full of doubts. Obviously, if a correct 
diagnosis has not been made and if the physician 
is not fully conversant with the natural history 
of a particular disease process his advice is not 
going to be helpful. A frank discussion with 
the parents will not solve their problems but 
will help them to understand them. In a num- 
ber of cases feelings of guilt and anxiety will be 
alleviated. 


SUMMARY 


This paper has attempted to summarize 
many of the everyday problems associated 
with the rehabilitation of children with con- 
genital heart disease. The need for a planned 
cooperative effort on the part of all those en- 
trusted with the child’s care has been stressed 
and certain specific problems associated with 
patients treated surgically or medically have 


_ been discussed. 
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_ Survival and Rehabilitation in Coronary 


Occlusion 
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2 Gp of daily bona fide attacks of 
coronary occlusion attest to the magnitude 
of the problems produced by this type of heart 
disease.'~* I will not attempt to cite exact 
figures on incidence, nor write of the life years 
or employment years lost after coronary oc- 
clusion; rather, I will concentrate on survival 
following coronary occlusion and the importance 
of rehabilitation and return to work. 

The literature on survival and rehabilitation 
following coronary occlusion is very large.*—® 
Although incomplete, the bibliography will 
include, nevertheless, a more than adequate 
list of references for those who wish to pursue the 
subject further. Moreover, I will discuss 
chiefly acute coronary occlusion. Excellent 
reviews on general rehabilitation for heart 
diseases have been published. 


EPIDEMIOLOGY AND STATISTICAL ASPECTS 
OF CORONARY OCCLUSION 


It is almost impossible to obtain accurate 
figures on survival and rehabilitation following 
coronary occlusion. Broad epidemiologic sur- 
veys are essential to establish more reliable 


statistics, but even these are subject to question. | 


Thus, patients who have “silent’’ attacks of 
coronary occlusion and keep on working may 
be missed completely. The diagnosis may be 
made only by chance months or years later 
when an electrocardiogram, taken during a 
routine check-up or other examination, dis- 
closes findings of old myocardial infarction. 
In these instances the victim or his family, on 
questioning, usually recall that he stopped work 
for a day or two or a week, because of “‘indi- 
gestion” or a “‘cold.””’ Then there are sudden 
deaths which occur at home, no autopsy is per- 
formed and the exact diagnosis may not be 
recorded when the doctor completes the death 
certificate. Often the diagnosis is a guess. 
Coronary occlusion may be diagnosed when 


actually a cerebrovascular accident was the 
cause of death and vice versa. Furthermore, 
the question of diagnostic skill arises. The 
correct diagnosis is frequently made more ac- 
curately in a locality where doctors are ex- 
perienced in coronary disease than one in which 
they have little opportunity to perfect them- 
selves in the diagnosis of heart diseases. 

In reviewing statistics the years encompassed 
are important. The diagnosis of coronary oc- 
clusion between 1920 and 1925, perhaps even to 
1930, was uncertain. It was not made fre- 
quently enough since the disease was still un- 
usual. In 1940, the disease had become com- 
mon and the diagnosis was much improved; in 
1950 to 1960 the diagnosis was still sharper. 
In the early days of the three and then the four 
lead electrocardiogram the diagnosis of coro- 
nary occlusion was not made as accurately as 
it is now with the twelve lead electrocardiogram. 
The survival rate‘—* of the attack of acute coro- 
nary occlusion presents more problems. When 
should one begin to calculate it? Wilson® 
believed that the most serious time is the first 
half hour. As the days pass the outlook for 
survival and for good recovery improves. 
Where shall one then use statistics on survival, 
after the first half hour of the attack, or after 
the first 2 or 3 months, or even at the end of the 
first year? Authors have employed these dif- 
ferent end points and hence statistics on sur- 
vival and rehabilitation are not comparable. 
They can be made comparable only when 
thorough epidemiologic studies are under- 
taken.*5 ,69—78 

Differences have been recorded in the various 
races, e.g., the Negro, the Oriental and the 
Caucasian, in regard to the incidence and mor- 
tality rate of coronary occlusion. There may 
also be variable results in different socio-economic 
classes. The diagnosis is made more certainly 
in private practice. The private patient fares 
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better because he sees a physician more often. 
The poor person is more apt to neglect himself. 
Hence, the statistics for these groups should per- 
haps be kept distinct. 

Another variable in the evaluation of the 
epidemiology of coronary occlusion is the con- 
sultant, that is, the internist or the cardiologist. 
If he sees only the severe case, his statistics may 
reveal a greater mortality and a lower subse- 
quent survival rate than otherwise. Again, 
he may never see the patient who succumbed 
suddenly, that is, immediately or within the 
first twelve to twenty-four hours, or even in the 
first week or two. 


FACTORS IN SURVIVAL AND REHABILITATION 


Age and sex are factors affecting survival 
and return to work after coronary occlusion.”® 
The question of age must be considered in de- 
termining the mortality rate within the first 
month or two, the survival rate in the following 
years and rehabilitation following recovery. 
If coronary occlusion develops in a man of forty, 
his life span ordinarily might be another thirty- 
five to forty years, whereas the life span of 
a man of sixty may be only fifteen years. An- 
other way of making this point is to recall the 
over-all mortality rate for a given age. In 
1,000 people sixty years old the mortality rate 
will be higher than in 1,000 men of forty; 
women will have still a lower rate. These fac- 
tors, too, affect the statistics of not only the 
immediate and subsequent mortality and ability 
to return to work, but also the life years or the 
employable years lost after the attack. 

Severity of Attack: A previous attack, the 
presence of heart failure, shock, enlargement of 
the heart, serious arrhythmias, pulmonary 
infarction, peripheral or cerebral embolism 
and possibly hypertension could influence 
immediate mortality rate, survival and re- 
habilitation. In other words, the degree of 
severity of the acute attack is important. 

Hypertension: The relationship of hypertension 
to survival and return to work is not clear.7°—** 
First, there are many definitions of hypertension. 
Then, hypertension seems to vary between men 
and women. It appears to be a factor in the 
cause of coronary occlusion in women, but in 
men the relationship is not tooclear. It appears 
probable that the presence or absence of hyper- 
tension does not affect the immediate survival 
rate of coronary occlusion; yet, one would think, 
and the literature seems to indicate it, that 
patients with severe hypertension will not sur- 
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vive as long, or be rehabilitated as easily, as 
those with no hypertension or only mildly to 
moderately elevated blood pressure. 

Type of Employment: In return to work the type 
of employment is a factor. The white collar 
man, the professional man, the businessman and 
the executive are much more apt to return ‘to 
their jobs because they can control their duties 
and avoid undue mental, emotional and physical 
stress. The ordinary worker, the laborer, the 
store worker may not be able todo this. In be- 
tween these groups are the white collar and office 
worker. 

The disabled man of sixty or the woman of 
fifty is entitled to social security. He or she is 
less apt to desire to return to work because of 
this income. 


NOMENCLATURE AND DIFFERENTIAL 
DIAGNOsIs OF CORONARY DISEASES 


Another difficulty in studying survival rate 
and rehabilitation following coronary occlusion 
has been the nomenclature of the acute coro- 
nary heart attack. In the past any change 
in the electrocardiogram was labeled coro- 
nary thrombosis or occlusion. Even severe 
chest pain or shock might be mistakenly so 
diagnosed. Contrariwise, if a somewhat atypi- 
cal feature was found, the episode of coronary 
occlusion might falsely be labeled some other 
condition. There is a great difference in 
heart attacks, that is, between acute coronary 
insufficiency without occlusion™ :*4 and coronary 
occlusion or thrombosis. In this paper I 
consider only acute coronary occlusion with 
myocardial infarction and interchangeably em- 
ploy the expressions coronary occlusion and 
thrombosis. 

In at least 95 per cent of the cases one can 
distinguish between these two types of acute 
coronary episodes clinically, electrocardiograph- 
ically and pathologically. This distinction 
has not been clearly made in many discussions 
of coronary episodes. This accounts for some 
prevailing misconceptions. Effort, for instance, 
plays an unquestioned role in acute coronary in- 
sufficiency without occlusion and may even 
lead to death; but it is not a factor in coronary 
occlusion. 

Attacks of acute coronary insufficiency without oc- 
clusion vary widely in degree.*.*4 Although 
the severe form may even cause death, it is a 
relatively benign process as an over-all category 
in contrast to coronary occlusion. The pain 
of acute coronary insufficiency without occlu- 
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sion, unlike the simple, transient episode of an- 
gina pectoris, is usually severe and prolonged. 
The inadequacy of the coronary circulation far 
exceeds functional limits and frequently results 
in demonstrable pathologic changes. These 
consist of infarction or focal areas of necrosis 
confined to the subendocardial region and 
papillary muscles of the heart, in contrast to 
the through-and-through infarction which re- 
sults from coronary occlusion. 

In coronary occlusion the usually very severe pain 
in the chest or arms is apt to be accompanied 
by fall in blood pressure, shock, nausea and 
vomiting, leukocytosis, fever, pericardial rub, 
elevated sedimentation rate and high serum 
transaminase levels. Transmural infarction 
with endocardial and pericardial involvement is 
demonstrable on pathologic examination, unless 
the patient died within twenty-four to thirty- 
six hours of the onset. 

There is a clear distinction electrocardio- 
graphically between the two conditions. Be- 
cause of practically exclusive subendocardial in- 
volvement in acute coronary insufficiency with- 
out occlusion, depression of the RS-T segment or 
T wave inversions or both are seen, but no deep 
Q waves are discernible. There are no dra- 
matic RS-T elevations. In acute coronary oc- 
clusion with through-and-through infarction, 
one finds deep Q waves and RS-T eleva- 
tions progressing into inverted T waves. The 
RS-T elevations are associated with pericar- 
dial injury. 

Clearly, if correct figures are desired in a study 
of the immediate mortality rate, survival rate 
and rehabilitation during or following recovery 
from acute coronary occlusion, recourse to 
epidemiologic investigation must be made.*® A 
city of 100,000 population in which every single 
individual is followed yearly and autopsies 
performed on every dead person would be the 
goal. ‘This might be impossible, but fairly good 
starts have been made in the Albany, California, 
Chicago, English, Framingham and South 
Dakota 


MorTALITY AND RATE OF SURVIVAL 
IN CORONARY OCCLUSION 


What are the prospects for survival after re- 
covery from the attack of coronary thrombo- 
sis?*—* How many patients live one, five, ten, 
twenty or more years? How many make a 
fair recovery, a good recovery? Is there such 
a thing as a complete recovery, functional or 
anatomic or both? 


The old statistics are unreliable. From 
1920 to 1940 no distinction was usually made 
among angina pectoris, coronary insufficiency 
without occlusion and coronary occlusion. 
Chest pain with any  electrocardiographic 
change was simply labeled “coronary throm- 
bosis.” At present the immediate mortality 
varies from 15 to 30 per cent in hospital cases 
but is still slowly diminishing. Patients in 
their first attack treated in private practice 
have the best prognosis. Their mortality is 
between 3 and 5 per cent. This striking dif- 
ference is undoubtedly due to the fact that 
sicker patients are more likely to be found on 
the wards of a hospital. 

Survival Rate: If an immediate over-all 
mortality rate of 20 per cent for the first two 
months is assumed, how many will survive one or 
more years? Since coronary thrombosis is a 
disease in which the treatment and prognosis 
must be individualized, a great many variables 
must be considered. In general, those who 
recover but who during the acute stage or 
subsequently had heart failure, shock, enlarged 
heart, rapid heart beat, pulmonary infarction 
or embolism, serious arrhythmias or severe 
angina pectoris, fare badly; their mortality 
rate is probably about 10 per cent per year. 
At the end of five years, therefore, only about 30 
per cent of these patients will be alive; at the 
end of ten years, very few, if any, survive. But 
of those who have made a good functional 
recovery from the acute coronary thrombosis, 
fewer than 5 per cent will succumb each year. 
After five years, therefore, at least 55 per cent 
will still be alive; at the end of ten years, 30 
per cent; at the end of 15 years, perhaps 5 to 
10 per cent may be living. These approxima- 
tions are based on our own figures and those of 
the literature cited.4—™ 

The insurance companies have presented statis- 
tics on those who are disabled by coronary 
thrombosis.** #9 45.57.58 Their figures are im- 
portant since their follow-up continues to the 
death of the patient. Of course, theirs is a 
select group, that is, people who have insurance 
for complete and total disability. Many may 
not be really disabled completely and could 
perform some work, but do not because the 
payment is only for ‘“‘complete and total’ disa- 
bility. 


FUNCTIONAL RECOVERY FOLLOWING ACUTE 
CORONARY THROMBOSIS 


From the time of Herrick until about 1930, 
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a patient who had an attack of coronary throm- 
bosis was considered to be totally and perma- 
nently disabled. He, his family, and even his 
physician, were all constantly apprehensive, 
and his least physical activity engendered much 
concern. Resumption of work was, therefore, 
never considered. Unless the patient for- 
tunately had enough disability insurance, the 
burden of earning a livelihood necessarily fell 
upon wife, child, parent or state. And what a 
fortune the insurance income seemed in those 
days. Who would be rash enough then to 
urge a patient to forego this unearned income 
and risk death by returning to work? Few, 
indeed. Only a handful of us then insisted that 
work was good for both body and soul. 

Today, it is generally agreed that most pa- 
tients who have recovered from an attack of 
coronary thrombosis may resume light work 
two or three months after the attack and 
gradully increase the work. Complete functional 
recovery®® from an attack of coronary thrombosis 
now occurs frequently enough that even some 
insurance companies have begun to alter their 
attitude toward the disease.**.39-45,57,58 They 
no longer automatically reject the applicant 
with a history of an attack as a totally unin- 
surable risk. Of course, the risk 7s greater, and 
the annual premium is increased. 

We believe it is important for the patient to 
return to work. This is essential for morale 
and necessary for physical well being. A 
man should enjoy work. ‘Unstructured leisure” 
has now descended on us because of modern 
machines and automation and the desire of men 
and women to work fewer and fewer hours a 
week. ‘Unstructured leisure’? has become a 
national problem of the first order for the nation 
and for the doctor. It leads to unhappiness, 
boredom, divorce, crime, juvenile delinquency 
and other social disorders. Occupied men and 
women are the happiest. We plead not for 
frenetic work but for leisurely occupation. 
It is the pace that kills, not the number of work 
hours per week. 

Functional Recovery and Return to Work: My 
associates and I made a survey of 500 patients 
who had survived acute coronary occlusion by 
one year or more.*!:*.88 The series comprised 
90 per cent private and 10 per cent ward 
patients. The diagnosis was confirmed electro- 
cardiographically by the presence of Q waves 
and S-T elevation, indicating through-and- 
through infarction. Following the acute attack, 
41.8 per cent of the 500 patients with coronary 
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occlusion made a complete functional recovery, 
i.e., they were asymptomatic. A similar per- 
centage, 42.6 per cent, experienced mild angi- 
nal pain or dyspnea on exertion, but their ac- 
tivity was only slightly restricted if at all. Com- 
bining these two groups, it is evident that over 
four of five patients made either a satisfactory or 
excellent recovery. The remaining patients 
included 10 per cent who experienced moderate 
angina or dyspnea and 5.6 per cent who had 
severe or intractable symptoms. 

It is interesting that in the group of 209 
asymptomatic patients who had completely 
recovered, 177 (84.7 per cent) presented objec- 
tive evidence of the previous myocardial in- 
farction in the electrocardiogram, roentgenogram 
or both. Over two-thirds showed mild to 
moderate cardiac enlargement and electrocar- 
diographic alterations and thirty-two patients 
showed marked changes, with a definite diag- 
nosis of ventricular aneurysm in twelve. In 
spite of these factors, the subsequent mortality 
rate was only 15.3 per cent in these 209 asympto- 
matic patients. ‘Two-thirds had already sur- 
vived over five years, and 22.6 per cent over 
ten years. Two-thirds of the patients were 
working full time and 20 per cent part time. 

In the group of 213 patients who had made 
satisfactory recovery, i.e., they experienced mild 
angina or dyspnea, the length of survival, mor- 
tality rate and percentage returning to work 
were only slightly less satisfactory than in the 
previous asymptomatic group. 

In the entire series of 500 the average period 
of survival was 7.2 years. Three-fourths of the 
patients were still alive; 51.7 per cent survived 
over five years and 17.3 per cent over ten years. 
Eleven were alive over fifteen years and 70 per 
cent were working. 

Clearly then, we are convinced that many 
patients with a coronary occlusion do recover 
completely with the passing years. Their chest 
pain, dyspnea and weakness either disappear 
immediately or gradually following their attack. 
We now have seen scores of patients without 
symptoms for two to ten or more years after an 
acute coronary occlusion. They live completely 
normal lives, often work long hours under ten- 
sion, and occasionally even perform heavy 
manual work. They still may show an ab- 
normal electrocardiogram, often a bad one. 
In fact, rarely does an _ electrocardiogram 
return completely to normal at the end of the 
first Whether complete anatomic 
restitution takes place in the coronary arteries, 


pit 
. 43 
qi 
We 
a! 
ite 
AS 


344 Master 


we do not know, but with time, thrombi are 
recanalized. A good collateral circulation, 
however, is probably more important than the 
recanalization of a thrombosed artery. In any 
case, restitution of the coronary circulation 
appears to occur clinically. 

Guides to Degree of Functional Recovery: We 
have found, like many others, that the symptoms 
of the patients are the best reliable guide to 
rehabilitation of the patient who has recovered 
from a coronary occlusion." »®:®.8§ If one has 
a patient whose story is not colored by questions 
of insurance or litigation, his complaints are 
the most important. In other words, if the 
patient has shortness of breath, an anginal 
syndrome or evidence of heart failure, his re- 
turn to work must be qualified. On the other 
hand, the patient without symptoms on ordinary 
exertion or excitement has probably made a 
good to complete functional recovery. Even 
a patient with an enlarged heart, in fact, 
occasionally a patient with both an enlarged 
heart and ventricular aneurysm, may carry 
on regular work, although not necessarily hard 
work.** Such patients may find more difficulty 
in traveling to work than in actually working on 
the job. To help solve this problem of trans- 
portation, Levine” has provocatively proposed 
that the man earning $75 to $100 a week may 
benefit by taking a taxi to and from his work. 
Why should not “taxi pools’ to work be ar- 
ranged by the local heart associations for the 
partially disabled people? 

Can a patient with coronary occlusion ever return 
to hard labor, e.g., as a longshoreman or truck- 
man? In general this should only rarely be 
condoned. A patient who has recovered from 
an acute coronary occlusion presumably has 


severe coronary disease, and therefore should . 


avoid extremes of physical, mental and emo- 
tional stresses. “These undue events can readily 
precipitate acute coronary insufficiency without 
occlusion. This is not to say that the patient 
who has recovered from an acute occlusion 
should not return to employment. He should 
indeed work, but within the limits of his car- 
diac reserve. However, all of us have on rare 
occasions seen such patients go back to heavy 
manual labor or stressful occupations and do 
well. 

Coronary Occlusion in Physicians: Since the 
readers of this article are physicians, it will be 
of interest to inquire whether coronary occlusion 
is a doctor’s disease. ‘The insurance companies, 
and Morris in England, have indicated that 


doctors suffer more coronary disease than is 
their due by proportion of the population.*” .% 
We and others doubt this. The doctor is more 
apt to make a prompt diagnosis of coronary 
disease in himself than in an ordinary patient. 
However, it is also possible that excessive physi- 
cal exertion and the crowded, tense lives of many 
physicians may precipitate episodes of acute 
coronary insufficiency without occlusion to a 
greater extent in those with coronary artery 
disease than in people who lead more tranquil 
lives. I do not concur that coronary thrombo- 
sis is a doctor’s disease and hope to present 
more proof in the near future. 

Rehabilitation of Physicians: 1 have had scores 
of patients, including physicians, who had 
suffered a coronary occlusion and who car- 
ried disability insurance good only until age 
sixty. In their fifty-ninth year they were faced 
with the problem whether they should stop 
working and gain a disability pension, or wait 
and lose it. These were patients usually with 
symptoms of mild to moderately severe angina 
pectoris. In almost every case I persuaded 
them to keep on working at a sensible pace, 
and I cannot recall any who regretted following 
my advice. Occasionally, even a few physicians 
who made house calls and climbed a few flights 
of steps kept working profitably and, more to the 
point, happily. They climbed stairs very 
slowly and often used a nitroglycerin tablet 
before they began to climb. 


RELATION OF EFFORT TO ONSET OF 
CoRONARY OCCLUSION 


Since we urge the patient who has recovered 
from a coronary occlusion to work, I would like 
to discuss the precipitating factors of acute 
coronary occlusion, and specifically, the relation 
of physical exertion and occupation to the onset of 
coronary occlusion. 

For years, it was believed that extreme 
physical exertion or unusual emotional tension 
precipitated coronary occlusion. We do not 
believe this.**—§’ Hard work, especially under 
stress, ipso facto, does not cause coronary 
disease; although in persons who already have 
underlying coronary artery disease, it may 
precipitate attacks of angina pectoris and acute 
coronary insufficiency without occlusion.* 87 
In our own studies of the last twenty-five 
years,**—*7 proportionately less coronary throm- 
bosis was found in laborers who work hard 
physically than in sedentary workers. Investi- 
gation of the type of occupation, hour and day of 
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onset of acute coronary occlusion, activity and 
inactivity, reveals that neither occupation, 
effort, nor rest play a role in this form of heart 
attack. 

From our numerous statistics we concluded 
(1) that neither effort nor the stress and strain 
of modern life precipitate acute coronary oc- 
clusion; (2) that coronary occlusion occurs with 
equal frequency in all classes of society and in all 
types of occupations, perhaps slightly less in 
those of a physically laborious nature; and (3) 
that coronary occlusion is the end result of an 
atherosclerotic process and occurs independently 
of external influences. Furthermore, we con- 
cluded that the increased emotional stress and 
strain of present day working and living did not 
tend to produce coronary artery occlusion. The 
high strung and the phlegmatic person is equally 
susceptible to it. 

Workmen’ s Compensation Problems: Since neither 
physical strain nor emotional stress is a direct 
precipitating cause of coronary thrombosis, the 
practice of awarding workmen’s compensation 
for this disease is wholly unjustified. On the 
other hand, in cases of angina pectoris and 
acute coronary insufficiency without occlusion, 
strain and stress are commonly precipitating 
factors and may, therefore, be compensable in 
certain instances. 

The question of workman’s compensation is 
a difficult, complicated problem.“—% The 
unions want their members given every possible 
“break.” The employer and the compensation 
insurance companies are utterly confused by 
the diversity of medical opinion concerning the 
relationship of work and occupation to coronary 
occlusion. Consequently, the employer hesi- 
tates to hire a man who once had had a “heart 
attack,” since his firm will often be held respon- 
sible for further trouble. At present, it is 
our opinion that the state should care for the 
man or woman who develops illness while at 
work. This will be equable to all and medical 
opinion will not be influenced by union or 
employer. Such unbiased scientific opinion 
is essential in the study of atherosclerosis and 
coronary occlusion. 


REHABILITATION DURING ACUTE ATTACK 


Although the treatment of the acute attack 
of an acute coronary artery occlusion is not 
the subject of this paper, it has much to do with 
return to work. In our own treatment of pa- 
tients during an acute coronary occlusion, we 
follow the procedures of Harrison,*? Dock* 
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and Levine.**® If the patient has had only a 
mild attack and is doing well, he will be per- 
mitted to use a commode the second or third day 
or even go to the bathroom provided it is only 
a few feet away. He may sit out of bed in a few 
days. The patient is always helped to the chair, 
to the commode and to the bathroom. We 
have him out of bed at the beginning of the 
fourth week as long as the patient desires. He 
returns to bed whenever he is tired. By the 
end of the fourth week he begins to walk slowly 
and can go home if he has been hospitalized. 

We do not hesitate to allow return to work 
at the end of two months. Occasionally, in 
very exceptional cases, this occurs even in 
four to six weeks from the day of the attack. 
He begins gingerly, at first for an hour or two a 
day. This would, of course, be for a desk job. 
Each case must be individualized. The patient 
who loves his work and is completely relaxed at 
it can return to work and do better than if he 
were kept at home, repressed, frustrated and 
worried to death about his business. The 
other side of the story, it should be obvious, is the 
patient who is completely disabled for months 
or permanently. Although this is uncommon, 
it does occur. 


ILLUSTRATIVE CASE HISTORIES 


Case histories exemplifying satisfactory to complete 
functional recovery will be presented. We could 
cite case after case of patients who returned to work 
successfully for years following their coronary 
occlusions. For example, a busy executive (J. S.) 
suffered bona fide attacks of acute coronary occlusion 
in 1947 and 1949. Now seventy-two years old, 
he works full time, follows fairly long hours and puts 
an unusual amount of zest into his occupation. It 
is eleven years since his second attack and thirteen 
years after his first. 

An internationally famous surgeon (Dr. H. M.) 
suffered one definite coronary occlusion twelve years 
ago and subsequently two episodes of acute coronary 
insufficiency without occlusion. He has had no 
complaint for the last three years. At the age of 
seventy-six he performs surgery and leads an active 
life; he works harder than the average healthy man 
of that age. 

Another patient (M. N.) was first seen in 1938 at 
the age of fifty. He had suffered a coronary oc- 
clusion either in 1931 or 1933. He had a definite 
anginal syndrome when first examined in 1938. 
His electrocardiogram showed deep Q waves in 
leads un, mt and aVF. Now in 1960 at the age of 
seventy-two he is fairly active, follows moderation 
and is occupied in business. If he were to perform 
strenuous physical exertion, he would have angina; 
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so he avoids it. Another disability—perhaps an 
asset—is severe bronchial asthma. At any rate 
deep Q waves in leads un, m and aVF with RS-T 
depressions have probably always been present in his 
electrocardiogram for twenty-seven or possibly 
twenty-nine years after the coronary occlusion. 
Nevertheless, the patient leads an active, productive 
life. 

An active advertising executive (N. F.), now sixty - 
four years of age, sustained an acute coronary 
occlusion fifteen years ago. He has no complaint 
and continues to work hard in the advertising business. 

A laryngologist (Dr. B. G.) worked and operated 
until his death at the age of seventy-one years, 
although he had suffered two attacks of acute cor- 
onary occlusion fifteen and nine years previously. 

Another man of seventy-three (M. N. P.) suffered 
an acute coronary occlusion seventeen years before, 
at the age of fifty-six years, and mild angina developed 
at the age of sixty-five years. Despite this mild 
anginal syndrome he still works and does almost 
everything. 


SUMMARY 


The importance of a patient’s return to work 
following recovery from an attack of acute coro- 
nary occlusion is emphasized. 

Mortality and survival rates for the years 
following the attack were studied and found 
inaccurate because of diagnostic and classifi- 
cation problems, viz., the matter of “silent” 
attacks, the correct diagnosis in sudden deaths, 
diagnostic skill, the decade encompassed in a 
particular study, the survival rate of the 
attack itself, the question of a three or four 
lead versus a twelve lead electrocardiogram, 
race or color of the patient, the socio-economic 
status, the severity of the case seen by the in- 
ternist or cardiologist, age and sex, the severity of 
the acute attack, the question of hypertension 
and the nomenclature of the acute coronary 
heart attack. 

To obtain more accurate figures, broad epi- 
demiologic surveys are essential. In return to 
work, the type of employment must be con- 
sidered. 

If we assume an immediate over-all mortality 
rate of 20 per cent for the first two months, 
in general, those who recover but suffer a 
severe attack, that is, one with heart failure, 
shock, enlarged heart, rapid heart rate, pul- 
monary infarction or embolism, serious ar- 
rhythmias or severe angina pectoris, do badly. 
Their mortality rate is probably about 10 per 
cent per year. Of those who have made a good 
functional recovery from the acute coronary 
thrombosis, fewer than 5 per cent will succumb 


each year. Altogether, four of five patients 
make either a satisfactory or excellent recovery. 

Return to work is essential for the patient’s 
morale and physical well being. ‘‘Unstruc- 
tured leisure” has become a national problem. 
We are not pleading for frenetic work but for a 
more leisurely occupation. Symptoms of the 
patient remain the best reliable guide to his 
rehabilitation. ‘“Taxi pools” should be ar- 
ranged by the local heart associations for the 
partially disabled heart patient. 

Our studies have indicated that (1) neither 
effort nor the stress and strain of modern life 
precipitates acute coronary occlusion; (2) 
coronary occlusion occurs with equal frequency 
in all classes of society and in all types of occu- 
pations, perhaps slightly less in those of a physi- 
cally laborious nature; and (3) coronary oc- 
clusion is the end result of an atherosclerotic 
process and occurs independently of external 
influences. Since neither physical strain nor 
emotional stress is a direct precipitating cause of 
acute coronary thrombosis, the practice of 
awarding workmen’s compensation for this 
disease is wholly unjustified, yet numerous such 
awards are made daily by referees. 

We have painted an optimistic picture for a 
patient’s return to work following his recovery 
from acute coronary occlusion. It is necessary 
for the physician to encourage patients to return 
to work; in fact, it is his moral obligation to do 
it. At work the patient is happier and relieved 
of the dangers of boredom and frustration. 
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Rehabilitation and Employment of Industrial 
Workers with Cardiovascular Disease’ 


E. R. GREER, M.D. 


Boston, Massachusetts 


HE EMPLOYMENT OF persons with cardio- 
vascular disease has become an increasingly 
important problem in industry. Employment 
in a job suited to the subject’s skills and within 
his physical, mental and emotional capacity is 


one of the major goals in rehabilitation and _ 


must be considered from the standpoint of the 
patient, the employer and the physician. In 
this article I will discuss these problems briefly 
and report our experience in selective place- 
ment and rehabilitation of industrial employees 
with cardiovascular disease at the Gillette 
Safety Razor Company in Boston, Massachu- 
setts. 

In evaluating the ability of a subject to engage 


in a specific job a great amount of information > 


may be required.” The following are im- 
portant from the patient’s standpoint: (1) Does 
the person really have cardiovascular disease 
and if so, what limitations does it place on his 
ability to work; (2) could the disease be caused 
or aggravated by an industrial injury or by the 
strain of unusual effort; and (3) will the failure 
to return to work do as much to aggravate the 
disease process as returning to previous labors? 


Factors important from the standpoint of the . 


employer are as follows: (1) Will the worker 
with cardiovascular disease endanger the safety 
of fellow employees; (2) will the subject produce 
at a profit; (3) is the value of the worker’s ex- 
perience sufficient to justify employment in spite 
of added insurance risks; (4) what effect will the 
decision have on the morale of other employees; 
and (5) what effect will employment of the sub- 
ject have on the seniority system and the right 
to retain a job in spite of handicaps? 

From the standpoint of the physician questions 
such as the following must be answered: (1) 
What are the mental, emotional, physical, 


social, vocational and economic assets of the 
patient; (2) from what cardiovascular disease 
does the patient suffer (etiologic, anatomic, 
physiologic, functional and therapeutic classi- 
fications); (3) does the patient understand the 
nature of his disease and what limitations, if any, 
it imposes on his ability to lead a normal life; (4) 
what are the requirements of the patient’s 
job; (5) what are the nonoccupational stresses 
such as obesity, diet, smoking and recreational 
habits; and (6) what effect isemployment likely 
to have on the course of the patient’s disease 
as well as his over-all social and emotional 
adjustment? 

In our studies we have attempted to answer 
some of these questions for the employer, the 
employee and the physician. In the plant 
there are about 2,000 employees. This in- 
dustrial work is light to moderate in nature and 
composed mostly of skilled or semiskilled 
machine operation; concentration is important. 
With the permission of the management of the 
company we have carried out extensive, long- 
term clinical observations on the employees 
with and without cardiovascular disease. 


CARDIOVASCULAR DiIsEASE AMONG EMPLOYEES 


The number of employees with different 
categories of cardiovascular disease are listed 
in Table 1. Many of these persons have been 
personally observed over an eight year period. 

Coronary Artery Disease: Among the fifty-two 
employees who suffered coronary thrombosis 
there were eleven executives and forty-one 
workers. Seven of these executives are still 
working and have a total of thirty-five years of 
productive employment since their initial at- 
tacks of coronary thrombosis. In the total 
group (fifty-two cases) there have been 269 


* From the Medical Department, Gillette Safety Razor Company; Department of Medicine, Medical Associates of 
the Massachusetts Memorial Hospitals; and the Department of Industrial Medicine, Boston University School of 


Medicine. 
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TABLE I 
Cardiovascular Disease Among Industrial Employees 


Number of 


Diagnosis Employees 


Arteriosclerotic heart disease 
with coronary thrombosis 52 

Hypertension and/or 
hypertensive cardio- 


vascular disease 130 
Rheumatic heart disease 34 
Congenital heart disease 3 

Total 219 


years of productive employment by persons 
since their initial coronary thrombosis. About 
64 per cent of these workers have been employed 
for three years since the coronary thrombosis, 
52 per cent have worked at least five years and 
11 per cent have worked at least ten years since 
the initial attack. 

Eight employees with angina pectoris and 
no objective evidence of coronary thrombosis 
have contributed a total of thirty-five years of 
effective employment or about 4.4 years per 
person, since the onset of clinically manifest 
coronary artery disease. 

It is of interest to note that in our fifty-two 
cases of acute coronary thrombosis, no attack 
occurred .while the patient was on the job. 
In less than 10 per cent the acute episode was 
associated with severe exertion and in over 90 
per cent the attack occurred when the subjects 
were either resting or performing ordinary 
activities at home. 

There are nine employees who have died as 
a result of coronary artery disease. Three 
workers and one executive died in the initial 
attack; three workers died after subsequent 
attacks but they had worked eight, ten and fif- 
teen years, respectively, after the first episode 
of coronary thrombosis; and two workers died 
within two years of the initial attack. 

Of the group that retired (ten cases), there 
were two executives who did so voluntarily, 
two workers who did so on advice from their 
doctor (three and thirteen years after their 
initial attacks) and six workers who had rou- 
tine retirements at age sixty-five. 

Hypertension: There are 130 employees with 
hypertension and/or hypertensive cardiovas- 
cular disease. The great majority of these 
had symptomatic hypertension unless under ap- 
propriate treatment. In this group five subjects 
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have died during our eight year period of ob- 
servation, eight have retired at age sixty-five 
and the remainder are still working effectively. 
Rheumatic Heart Disease: There are few studies 
available on the fate of the employee with this 
heart disease, although the problem of collec- 
tive disability will probably be of major concern 
in the future. Of the total group (thirty-four 
cases) observed over an eight year period, five 
are dead, one was retired prematurely, twelve 
have been discharged for nonmedical reasons 
and sixteen continue to work. Ten of the latter 
are in the worker group and problems related to 
their continued employment present a real chal- 
lenge. Although we do not believe that em- 
ployment alters the prognosis for these people, 
our experience with this small group indicates 
that they are not good risks for this type of em- 


ployment. 


OccuPATIONAL ACCIDENTS AND INJURIES 


There have been few studies of the suscepti- 
bility of workers with cardiac disease to occu- 
pational accidents and injuries, although this is 
often a major factor in their employment or re- 
employment. 

In a previous study” we noted that among un- 
selected employees with no cardiac disease the 
incidence of major accidents was 1 per cent and 
of minor accidents 2 per cent. There have been 
no claims for death due to cardiac disease or 
claims for aggravation of existing heart disease. 
The possibility of such claims is management’s 
greatest fear. 

There has been no evidence that a worker 
with cardiac disease, properly placed, is a 
danger to himself or to his fellow employees. 
The increased incidence of minor accidents 
reported (14 per cent as opposed to 2 per cent 
for the average worker) probably reflects more 
the desire of the worker with cardiac disease to 
maintain his health than it does an actual 
increased liability to accidents. It is to be 
noted that the groups with arteriosclerotic and 
hypertensive cardiovascular disease had no 
major accidents in spite of the fact that they 
are generally thought to represent the major 
risks in industry. More recent studies of the 
groups show even less incidence of minor acci- 
dents and no major accidents or injuries among 
cardiac workers. 


Work PERFORMANCE 


It is important to note that studies of the 
cardiac patient’s functional capacity do not 
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TABLE II 


Comparison of Absenteeism in the General Plant 
Employee and those with Cardiovascular Disease 


TABLE IV 


Comparison of Absenteeism Due to Cardiovascular 
Disease Over a Four Year Period (Per cent of all causes) 


Average Days Lost Per 
Year Per Employee 


Population 
Group 
1955 1956 1958 
Average employee 11.4 11.3 10.6 
Men 8.9 9.0 8.7 
Women 15.3 3.9 14.2 


Employee with cardio- 
vascular disease 


Arteriosclerotic 
heart disease 22.1 13.3 24.4 
Rheumatic heart 
disease 14.5 13.6 19.5 
Hypertensive heart 
disease 11.9 10.6 17.7 
Essential hyper- 
tension 44:3 11.9 
TABLE Il 
Comparison of Long Term Absenteeism Due to Disease 
Causes 
Aver- 
age 
ays Time 
Disease aoe Lost | Lost 
; (%) Per 
Case 
(weeks) 
Gastrointestinal 46.7 17.5 8.2 
Respiratory 14.7 10.7 
Accident 2.7 9.7 6.6 
Musculoskeletal 10.2 10.2 9.2 
Cardiovascular 12.2 11.4 
Female reproductive 6.5 10.5 9.9 
Neuroses 6.5 


necessarily indicate what his work performance 
will be. This is an important factor to industry 
in hiring or rehiring the worker with cardio- 
vascular disease. Industry classifies work per- 
formance into four categories as follows: base, 
regular, premium and unsatisfactory. Not all 
employees are rated but where this was ac- 
complished the findings were striking in cardiac 
workers. The work performance of an average 
plant population is about 50 per cent regular 
and 20 per cent premium in performance. 
In contrast, it was noted that 26 per cent of the 
cardiac workers showed premium performance 
in 1955, increasing to 36 per cent in 1956 and 
to 76 per cent in 1958. ‘Twenty-one per cent 


Average 
Absences Days Lost | Time Lost 
vor (%) (%) Per Case 
(weeks) 
1955 6.0 7 8.2 
1956 6.3 13 8.5 
1957 9.0 12 14.0 
1958 10.0 17 15.0 


were regular in performance and 3 per cent 
were base. 


ABSENTEEISM 


In 1955, 1956 and 1958 accurate statistics 
were obtained concerning absenteeism in the 
general plant population, comparing employees 
with cardiovascular disease to the average 
(Table 11). Absenteeism has been presumed to 
be a great risk in employment of workers with 
cardiovascular disease. The findings repre- 
sent the same basic groups in this study and are 
probably significant. 

It is important to note that in 1958 about 84 
per cent of the group with arteriosclerotic 
heart disease lost only an average of 8.7 days; 
80 per cent of the group with rheumatic heart 
disease averaged 6.7 days lost; 80 per cent of 
the group with hypertensive heart disease group 
lost an average of five days and 90 per cent of 
the group with essential hypertension lost an 
average of 8.4 days per year. These figures 
compare favorably with those on the average 
plant employee. 

In comparing absenteeism due to all disease 
causes with that due to cardiovascular disease 
it appeared that workers with cardiovascular 
disease compared favorably with other groups 
(Table m). 

Workers with cardiovascular disease appear 
to have a good record in terms of absenteeism, 
but cardiovascular disease is as a rule, progres- 
sive and the problem is likely to increase with the 
passage of time. We find as the years pass that 
the total absenteeism, per cent of absences, per 
cent of days lost and average time lost per case 
are increasing (Table 1v). Although absen- 
teeism due to cardiovascular disease is increasing 
gradually it should be noted that over the eight 
year study period it was fifth as a cause of absen- 
teeism (percentage of absences) in the Gillette 
population. 
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Although employers are concerned about 
compensation losses and medical and sickness 
benefits, our study indicates that management 
is not loading its insurance risk when rehiring 
persons with cardiovascular disease. 


COMMENTS 


In this study of employees with cardiovascular 
disease we were able to demonstrate that with 
proper job placement and careful long-term 
follow-up this group of employees performs 
well and does not constitute an undue risk to 
the employer. We found no evidence that 
continued employment or return to work caused 
an aggravation of the underlying cardiovascular 
disease. It is of interest that although indi- 
vidual workers’ physical capacity was often 
reduced as a result of cardiovascular disease 
there was seldom a reduction in capacity to 
perform his jobs. This experience confirms 
that of others? that most jobs in industry do 
not require. large energy expenditure and are 
within the physical capacity of most cardiac 
patients. 

In our study we were able to answer in part 
some of the questions we asked from the stand- 
point of the employer. We noted that em- 
ployees with cardiovascular disease did not 
endanger other employees; they were able to 
produce at a profit; their value to the employer 
was great, but we did not attempt an answer to 
the question on possible increased insurance 
risk because of the relatively small number of 
employees involved in our study; the decision 
to rehire apparently had a salutary effect on the 
other employees and we found no evidence that 
it altered the seniority system in the plant. 
Although there is ample evidence. to support 
the thesis that the person with cardiovascular 
disease is an effective employee and does not 
cause undue risks to the employer,? many 
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employers are fearful of the possible risks. 
The present workmen’s compensation laws are 
considered to be an increasingly important 
deterrent to the hiring of persons with cardio- 
vascular disease because of the liberal interpre- 
tation of the laws and the classification of many 
degenerative cardiovascular diseases as indus- 
trial accidents. Unless changes are made the 
problem will become increasingly difficult and 
ultimately not only the patient but also the whole 
community will suffer. 

From the standpoint of the practicing 
physician the lesson to be learned from this 
study is that the great majority of persons 
with cardiovascular disease who have been 
employed and have clinical evidence of disease 
can either continue working or can return to 
work after a period of disability. They can 
work profitably without harm to others or 
themselves for long periods and they are cer- 
tainly happier than if retired unnecessarily. 


SUMMARY 


A group of 219 industrial employees with 
cardiovascular disease has been observed over 
an eight year period. 

Employment has not been associated with an 
increased mortality, excessive absenteeism or 
apparent increase in insurance risk. The 
employees with cardiovascular disease have 
been loyal employees and have had an average 
performance above that of the plant popula- 
tion as a whole. 
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Returning the Farmer with Cardiac 
Disease to Work’ 


RicHArRD P. Grips, M.D., BENJAMIN Z. KLATCH, M.D., PHiLip W. ROTHROCK, M.D., 
Witrorp H. M. Morris, PH.D. and Ropert L. EICHHORN, PH.D. 


Lafayette, Indiana 


E FARMER with cardiac disease presents 
pent unusual problems differing from 
those of the factory worker with cardiac disease. 
The farmer is not only self-employed but also 
involved in heavy physical work under a wide 
range of environmental conditions; the scope 
of his work is generally not understood. In 
this paper. the nature of farm work and certain 
social differences observed in the farm worker 
are discussed; the work and environmental 
stresses are explained and methods for their 
reduction are suggested. This material to- 
gether with information on agencies that can 
help the farmer is presented to aid the physician 
in the rehabilitation of the farmer with cardiac 
disease. 


TuHeE Jos 


Farming and industrial work differ in several 
important respects. The farm operator is 
usually at once capitalist, manager and a 
substantial part of the labor force of the business. 
The capital investment per worker on a Mid- 
western hog and corn farm may be as high as 
$50,000 per worker. In this geographic area 
the average size of the labor force has been 
one and a half to two full time workers per farm 
for the last two decades. 

The typical farm is a family unit employing 
the farmer and one or more sons; the house- 
wife may help in the fields until the children 
are old enough to take her place and perhaps 
after the children have left the farm. Seventy- 
four per cent of all farms in the United States 
employ only family labor. This type of family 
business represents a unique way of life from a 
social and psychologic point of view. Con- 
sequently, heart disease poses a peculiar kind of 


* The material in this paper is based upon the results of the Purdue Farm Cardiac Project. 


threat to the farmer which, in turn, creates 
special problems for the physician who would 
rehabilitate him. 

Important differences between farmers and 
industrial workers are shown in Table 1. In the 
performance of his job, the farmer must take 
into account market conditions, capital re- 
sources, the vicissitudes of the weather, com- 
munity attitudes and the opinions of other 
family members who are also actively engaged 
in the same enterprise. 

The concept of the large farmer working 
like a city businessman is more imaginary than 
real. In 1954, the last year for which data are 
available, only 2.8 per cent of farms in the 
United States sold more than $25,000 worth of 
products. An even smaller number, 1.1 per 
cent, relied exclusively on hired labor. How- 
ever, there is a slow but steady trend toward 
larger farms, with some of the smaller farms 
going out of business, without increasing the 
labor force per farm. 

The total labor force involved in agriculture is 
decreasing with the decrease in the total number 
of farms. In 1954 there were 4.1 million farm 
operators, 2.7 million unpaid family members 
working fifteen hours or more a week on-the 
farm and only 0.7 million regular hired workers 
and paid family workers. This provides an 
average labor force of 1.8 persons per United 
States farm. On the other hand, some of the 
work that was formerly done by the farm labor 
is now done by specialists from the town. 

There is a large seasonal labor force, 3.5 
million in 1959. This is probably an under- 
estimate as it does not include all laborers 
employed by packing houses to harvest crops 
on farms. 


This research has been 


supported by Purdue University, Lafayette, Indiana, and Northwest Indiana Heart Associations; National Institutes of 
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TABLE I 
Differences Between Farmers and Factory Workers 


Farmer 


Assembly-line Worker 


Self-employed. 
Provides the capital, the management and about half 
the labor force. 


Works variable hours; sets own work pace. 
Works at home. Family involved in the job. 
Works under scrutiny of the community. 


Works out-of-doors subject to both the stresses of the 
environment and the uncertainties of the climate. 

The job has a cultural tradition including both scientific 
and folk attitudes toward work methods and the mean- 
ing of work. 

Performs a more complete operation involving knowl- 
edge of mechanics, agronomy, anima] husbandry, 
finance and management. 

Identification with the job and the final product. 


Works for others. 

Capital provided by stockholders, management decisions 
made by specialists, labor force larger and much 
more specialized. 

Works relatively constant number of hours. Does not 
set own pace. 

Place of employment and home separate; therefore, the 
family not directly involved in the job. 

Observed by fellow workers and supervisors but more 
insulated from community. 

Physical environment usually controlled. 


Newer and more specialized jobs may have less tradi- 
tional elements. 


More likely to perform a partial operation involving a 
narrower range of skills. 


Less psychologic identification with the job and final 
product. 


Industrial workers frequently engage in 
more strenuous activities off the job or in 
commuting than they do at work. On the 
other hand, the farmer’s work activities are 
often strenuous even today and his leisure 
activities are usually relatively low in energy 
demands. ‘Therefore, in evaluating the physical 
activity of the farmer the leisure activities, 
except hunting, generally need not be considered 
in detail. 

The labor requirement of the farm operation 
is seasonal; peaks of activity represent the work 
of planting and the harvesting of grain and hay. 
The duration and intensity of the daily work 
involved in tending livestock are also variable, 
being highest when the cows are calving or the 
sows having their litters. Many farmers keep 
no livestock and there may be practically no 
work to be done in the winter; when spring 
arrives these farmers are projected from idleness 
into the intense activity of preparing the land 
and planting the seed. 

The farmer works in a highly variable 
environment; he is exposed to extremes of 
cold in the winter and extremes of heat in the 
summer. The hot, humid climate which is 
good for the growth of corn, the major feed grain 
in agriculture in the United States, necessitates 
a high heat stress which is increased by the heat 
from the tractor engine. 

Despite subsidies and crop support programs 
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the farmer’s economic status is uncertain. 
Price fluctuations, unexpected weather condi- 
tions, pests and diseases make farm income less 
stable than industrial income; however, in the 
long run the farmer who owns his own land has 
job security provided he is able to keep sol- 
vent. 

The job of the seasonal worker is almost 
entirely manual; in some areas he is employed 
mainly in harvesting vegetable and fruit crops. 
In this case, the worker will be a member of a 
gang moving from farm to farm. He is gen- 
erally paid on a piece rate basis. In other 
cases, the workers stay on one farm for a season 
doing a sequence of jobs from hand hoeing 
and weeding crops to harvesting. 

The wage rates earned by seasonal farm 
workers are low, $0.50 to $1.20 an hour. 
Workers with large families frequently receive 
more money when they are unemployed and on 
‘welfare’ than when working. 


THE MAN 


In returning the farmer to his work there are 
certain factors apart from the job to be kept in 
mind. Some attitudes toward health and the 
medical profession have operated against the 
successful rehabilitation of the farmer with 
cardiac disease. The following beliefs were 
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TABLE II 


Sources of “Information” Received by Farmers with 
Heart Disease* 


Source 


Information 
Doctor | Family | Friends 


You can have a long life 


with heart disease 65T 24 41 
Quitting work or retiring 

shortens your life 8 15 61 
You should follow your 

doctor’s advice better 6 39 14 
You’ll never work like you 

used to 44 26 35 


*From: Rureper, D. C., ErcuuHorn, R. L. and 
Morris, W. H. M. Proceedings of the Purdue Farm 
Cardiac Seminar.! 

t Figures represent per cent of cases reporting state- 
ment by source. Percentages reported are based on the 
203 respondents to whom this portion of the question- 
naire was submitted. 


held by a group of 362 farmers surveyed in 
central Indiana in 1956: 
If you wait long enough you can get over 


A man can’t afford to call a doctor these 


I’d rather be sick than go the to hospital... 20% 
Some of the old-fashioned remedies are 

better than the things you get at the drug- 


39% 


The farmer with cardiac disease who distrusts 
doctors or hospitals, believes he cannot afford a 
doctor or tries to treat himself will not get the 
care he needs. Such mildly antimedical 
beliefs are also a real obstacle to the physician 
attempting to help the farmer return to a 
normal life. In each case, farmers wha 
subscribed to these beliefs were less likely to 
comply with their physicians’ therapeutic ad- 
vice. 

Farmers have often been characterized as 
being compulsive about work. Hard work is 
regarded as virtuous and an end in itself despite 
its economic indefensibility. Indeed, the farmer 
of today makes more money with his brain than 
with his muscles. Sheer hard work is not 
usually associated with high farm income. 
This attitude toward work is often related to the 
rejection of modern labor-saving technics and 
the retention of obsolescent and uneconomic 
farm practices. 

Attitudes Toward Suggested Changes in Work 
Habits: A farmer’s compulsiveness toward 


work may also prevent him from complying 
with the physician’s advice, especially if the 
therapeutic prescription suggests changes in 
behavior while working. A substantial number 
of farmers (more than 50 per cent of those 
surveyed) endorsed the following beliefs: quit- 
ting work or retiring shortens your life; the 
worst part of being sick is that the work doesn’t 
get done; even if I were financially able, I 
couldn’t stop working. Farmers who agreed 
that these statements reflected their own 
opinions were less likely to follow their phy- 
sician’s instructions. Over 90 per cent of 
the respondents suffering from heart disease 
remembered being told to change their pattern 
of work in some.way. Those who did comply 
reported that their doctor’s prescription for 
work was hard to follow because it upset 
habitual practices. But, nearly 15 per cent 
reported that they did less than their physician 
suggested and 4 per cent reported that they did 
nothing the physician ordered. 

Where Farmers Get Their Information: The 
response of a person to any severe illness 
such as heart disease is dependent upon his 
information and beliefs about his disease. 
It is, therefore, important that the patient be 
well and correctly informed about major 
diseases. Information sources range from advice 
given by physicians, previous experience with 
other illnesses and the experience of friends and 
relatives who have had the particular illness, to 
the patient’s general ideas on the maintenance of 
health, reducing the pace of work, retiring, 
death and the like. 

The differences in content between the various 
sources of information are interesting. For 
example, few physicians suggested that quitting 
work would shorten the farmer’s life; however, 
this belief was widely held in the community 
and passed on to the farmer by well-intentioned 
friends and neighbors (Table 11). 

The responsibility of the physician in public 
health education is emphasized by reliance of 
the major portion of farmers surveyed on their 
family physician for information on _ heart 
disease. 


PROBLEMS IN PRESCRIPTION FOR WoRK 


The underlying problems in management 
of the cardiac patient apply to the farmer and 
nonfarmer alike. The difference becomes 
apparent in getting the farmer to the physician, 
in the effect of the absence of the farmer from 
his business, especially in the case of acute 
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conditions, and in the development of a pre- 
scription for work. 

Acute illness of the farmer presents some 
problems that do not occur to the same extent 
in urban populations. The sick farmer will 
feel a need to complete his day’s work if this is 
physically possible. However, if his family 
and neighbors know his situation, help in 
completing work is usually available. Once the 
farmer has decided to seek medical attention 
it may take some time before he can obtain it. 
In central Indiana, with comparatively densely 
populated rural areas, a third of the farmers 
reported that they lived ten or more miles from 
their physician. 

Medical services in rural areas lag behind 
those in the cities. In some counties there are 
no internists. Hospital and laboratory facilities 
are generally available within the county but 
many patients are moved into a hospital out 
of the county to obtain the services of an 
internist. - Hospitalization at some distance 
from the community may lead to a sense of 
personal isolation. Anxiety about the business 
on the farm may then be intensified. 

From the moment the farmer first has an 
acute episode of heart disease, his inability to 
contribute to the farm labor supply is felt. 
If the episode occurs during a slack season the 
effect may be small. In a busy season the 
effect will be serious and may almost be dis- 
astrous. If necessary, the family must obtain 
assistance through the help of neighbors, a 
farm organization such as the Farm Bureau or 
the Grange or through the Agricultural. Ex- 
tension Service. Friends and neighbors are 
usually ready and able to help if they are aware 
of the needs. The patient must be assured 
that his farm is being cared for, that his live- 
stock are being tended and that he will not be 
faced with a wrecked farm operation on his 
return home. 

To the farmer with cardiac disease the 
prospect of seeking a new occupation is very 
discouraging; he is, on the average, seven years 
older than his city brother when he suffers the 
first episode of arteriosclerotic heart disease and, 
above all, farming is not only a livelihood but 
also a way of life for him and his family. How- 
ever, the farmer does have a wide range of 
alternatives permitting him to stay in his 
occupation; these are discussed later. He will 
usually worry until reassured by his physician 
that there is a future for him when he returns to 
the farm. 


MARCH 1961 


Once he has returned home it may be 
difficult to restrict his activities. Specific 
instructions on what he can and cannot do are 
necessary. However, the instruction must be 
practical to encourage compliance. 

Throughout the federal government a federal- 
state system of agricultural extension has been 
established. This is organized from the state 
agricultural colleges and is represented in most 
counties by a County Agricultural Agent or 
Advisor and his staff. These officials provide a 
free service for farmers. The farmer with 
cardiac disease should be advised to seek help 
from the agricultural extension service in 
adjusting the farm operation to his impaired 
capacity. 


Tue STREssEs OF FARM WorK 


PHYSICAL STRESSES 


The physical stresses of the farmer result 
from three basic types of work as follows: 
(1) positive work, applying a force to move some- 
thing, for example lifting or pulling a lever; 
(2) static work, applying a force to support 
something, for example holding a load, pushing 
to open a barn door; (3) negative work, applying 
a force to restrain something, for example 
setting down a load. These types of work cause 
different changes in the metabolic rate and 
the heart rate. Static work, although often 
moderate in energy cost, increases the pulse 
rate more per unit increase of energy than do 
the other types of work. Therefore, the static 
content of the job should be kept to a minimum 
to reduce the over-all work stress. 

In performing static work, the blood flow to 
the working muscles is impeded by maintaining 
the muscles in contraction; in the dynamic 
positive and negative work, alternate relaxation 
and contraction of the muscles stimulate the 
blood flow. This explanation is proposed by 
Lehmann?’ for the difference in heart rate 
changes between static and dynamic work. 

Another major effect on the cardiovascular 
system of physical work is the relationship of 
work to the intrathoracic pressure. Physicians 
have long recognized the cardiovascular re- 
sponse caused by straining at stool.? This 
increases the intrathoracic pressure causing 
changes in the cardiovascular dynamics similar 
to those involved in the Valsalva maneuver. 
Certain work activities such as lifting heavy 
weights and swinging an ax or a heavy hammer 
result in a similar type of cardiovascular stress 
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but at lower levels. These activities cause more 
distress to the patient with cardiac disease than 
would be expected from energy cost. 

Peak Stresses: ‘The average stresses of farm 
work although appreciably higher than those 
in industrial work are generally moderate, 
perhaps three to three and a half times the 
resting rate. However, the peak stresses may 
be as high as eight to ten times that of resting; 
it is these peak stresses that are likely to trouble 
the cardiac patient. Peak stresses are as- 
sociated with activities such as lifting or carrying 
heavy loads, sacks or bales; carrying even light 
loads over heavy clay soil or in deep snow; 
climbing up machinery, ladders or stairs; 
running or chasing livestock; holding live- 
stock, for example, for castrating or putting a 
ring in the nose; pulling or pushing heavy 
loads such as feed carts or heavy barn doors. 
These stresses are mainly associated with 
work with livestock or “‘chore work.” 

Certain activities using a farm tractor also 
involve relatively high energy expenditure, for 
example, plowing and using a loader mounted 
on the front of the tractor. Attaching machinery 
to the tractor may involve pulling or lifting 
very heavy weights. At corn planting time, in 
addition to driving the tractor, a large amount 
of fertilizer is handled. This comes in 50, 80 
or 100 pound bags. In a day as much as 
31/2 tons may be handled, most of it twice, 
when loaded out of storage and when placed in 
the fertilizer boxes on the planter. 

In addition to high work stresses, the farmer 
works very long hours at certain seasons of the 
year; for example, at corn planting time over 
70 per cent of the farmers in the Purdue Farm 
Cardiac Survey sample reported working twelve 
or more hours on an average day. 

Reducing Physical Stresses of Farm Work: 
Most if not all of the major physical stresses in 
farm work can be reduced and many can be 
eliminated. Some tasks such as shoveling have 
*“‘built-in” rest periods and the farmer with 
heart disease may adjust the pace of work to suit 
his capacity. The same is true for climbing 
stairs or walking uphill. 

Farm work simplification points the way to 
modifying or eliminating these heavy tasks. 
For example, lifting sacks can often be avoided 
by storing them on a platform level with the 
bed of the truck; a two-wheeled barrow can 
then be used to move the sacks, eliminating 
lifting. 

With some additional investment much of 


the “‘chore work” can be performed mechan- 
ically. The cost of running an_ electric 
motor that performs the physical work done by 
an average farmer in an eight-hour day is about 
$0.08. A mechanical silo-unloader (costing 
about $1,500) and a mechanical feed bunk or a 
self-feeding silo would remove the hard work 
from feeding cattle. There is little reason to 
carry water on the farm today; pressure water 
systems are not too expensive for almost any 
farmer. 

While milking cows, the need to stoop (at least 
three times per cow at each milking) can be 
eliminated by a two-level milking parlor, the 
udder of the cow then being at the same level 
as the worker’s elbow. Carrying milk cans may 
be eliminated by using a pipeline and a bulk 
milk cooler. Keeping the cows loose in a yard, 
then using mechanical handling, is often an 
economical way of avoiding the heavy physical 
work of manure removal. 

Automatic feeding and watering of poultry is 
quite common on the farm. If the farmer 
cannot afford an automatic feeding system, feed 
purchased in bulk can flow by gravity directly 
into a container suspended from a single 
rail and dispensed into the feeders. This 
eliminates carrying feed and reduces the 
distance walked. 

The energy expenditure for driving the farm 
tractor can be reduced by power-steering and a 
comfortable seat. Power-steering reduces the peak 
forces that must be exerted on the steering 
wheel and also eliminates the transmission of 
steering shocks from the front wheels. A rough- 
riding seat causes a higher energy expenditure 
and a greater increase in pulse rate than a 
comfortable seat. The addition of power- 
steering and a superior seat adds relatively little 
($200 to $300) to the usual cost of a modern 
tractor ($4,000 to $6,000). Many farmers 
are surprised at the reduction in fatigue by 
these two improvements. 

The stress of handling bags of fertilizer can 
often be avoided by using liquid or gaseous 
(ammonia) fertilizer which usually costs no 
more or, in some areas, by handling solid 
fertilizer in bulk. Failing this, the stress may 
be reduced by handling fertilizer in smaller 
bags. 

Apart from such changes, the farmer can 
also reduce the physical stress of work by taking 
frequent short rest pauses. It has been demon- 
strated conclusively that the over-all work stress 
is much more effectively reduced by many 
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Fic. 1. Heat stress during sustained work at two and a half times resting rate (250 cal./hour). RH-relative humidity. 


(Data from H. S. and M. L.’) 


short rest pauses than by the same amount of 
time spent. in fewer but longer rest pauses.‘ 
A change of activity is not as good as complete 
rest; for example, if the farmer uses his “‘rest”’ 
pause to lubricate the combine when harvesting, 
the effect of the pause is greatly reduced. 


ENVIRONMENTAL STRESS 


Effects of Heat: The farmer has to do much 
of his -work out-of-doors regardless of the 
weather. In the cold, working is helpful as an 
added source of warmth. The patient, if he is 
reminded of it, will recognize this from his past 
experience. On the other hand, in hot weather 
the heat produced by the work adds to the 
heat to be dissipated from the body; in addition, 
it is probable that working in hot weather 
involves a higher expenditure of energy than 
does performing the same task’ in moderate 
weather.’ Working in the heat imposes de- 
mands on the vascular system not only to 
supply the working muscles but also to convey 
heat from the body core to the periphery. 
The effect of a given cardiovascular impairment 
on the capacity to secrete sweat is not known. 

Recent work by Sancetta® on the hemo- 
dynamic effect of exposure to dry and warm 
environments (98°r. and 40 per cent relative 
humidity) reveals a significant decrease in the 
pressure in the pulmonary artery and the aorta. 
This reduction in pressure, apparently a result of 
general vasodilatation, leads to a decrease in 
coronary blood flow. Thus, apart from in- 
ability to maintain thermal balance, the 
patient with cardiac disease may’ also suffer 
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from coronary insufficiency when exposed to 
considerable heat stress. 

Measures to Reduce Heat Stress: The heat 
load on the man is the sum of the metabolic and 
radiant load; above 95°r. the convective and 
conductive load out-of-doors will be positive but 
negligible. The total load can be reduced by 
reducing the metabolic component by using 
power-steering on the tractor, or by reducing 
the radiant component by using a sunshade. 
Sunshades are available at low cost for all 
models of tractors. 

The evaporative losses can be increased to 
some extent by using a fan. However, to obtain 
a substantial improvement the air speed may be 
high which may cause discomfort or increase 
the rate of evaporation above that which can 
safely be sustained by the man. Air-condi- 
tioning, which is in production for some farm 
machinery (grain combines and _ tractors), 
increases both the evaporative and the convec- 
tive heat loss; it is generally accompanied by 
shading, which reduces the radiant heat load. 

Heat stress can also be reduced by frequent 
short rest periods taken in the shade. Once the 
body core temperature has risen one or more 
degrees (Fahrenheit) a prolonged rest pause is 
necessary to dissipate the heat. If short rest 
pauses are taken in the shade, a high peripheral 
blood flow is maintained and the evaporation 
of sweat continues. However, in longer rest 
pauses the stimulus to sweat may be decreased, 


reducing the rate of recovery. The farmer used 


to rest his horses in the shade on the headland 


of the ‘field; in this way he also took a rest 
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for himself. Since he does not need to rest the 
tractor, he usually neglects resting himself. 

It may be possible for the physician to be 
quite specific in his advice to his cardiac patient 
on heat stresses. Although the heat load is 
difficult to assess precisely, Figure 1 provides 
a guide for estimating the heat stress at given 
metabolic rates at two wind speeds, both in the 
shade and in the sun, using the dry bulb tem- 
perature and the relative humidity.’ 

Heat stress indices of up to 30 are considered to 
be moderate. Indices between 40 and 60 are 
severe for healthy persons, necessitating some 
reduction in the physical work load. Indices 
between 70 and 90 are very severe. Only 
a small percentage of the population can be 
expected to maintain even a moderate level of 
physical activity (in the range of two and a half 
to three times the resting metabolic rate) when 
the index is over 70. An index of 100 is the 
maximum strain that can be tolerated by 
healthy, acclimatized, young men for an eight- 
hour exposure. The effect of shade and wind 
are clearly revealed by comparing the heat 
stress index at the same temperature and 
relative humidity but with different wind 
speed, or shaded versus unshaded (Fig. 1). 

Heat Injury: It should be remembered that 
acclimatization is an important factor in the 
prevention of heat injury but does not provide 
immunity. The farmer with cardiac disease 
should be warned of the danger from heat 
early in the summer. 

Obesity is clearly associated with susceptibility 
to heat injury; the increase in the probability 
of injury in an obese man can easily be ten times 
that of subject of normal weight. This is 
another reason to attempt to bring the weight 
of the farmer with cardiac disease within the 
normal weight range. 

Hygienic Precautions to Reduce the Effect of Heat: 
Suitable clothing and hat. In the direct sun, 
protection is needed against the ultraviolet 
rays which cause sunburn and sunstroke. The 
clothing should be moderately thick and light- 
colored to reflect the radiation. The clothing 
should be loose-fitting and permeable, so that 
sweat can evaporate through it. Under a 
shade the clothing should be lighter in weight; 
the color is relatively unimportant because most 
of the radiation is stopped by the shade. 

In the direct sun the ideal hat is an aluminum- 
lined sunhelmet of light color with space for 
air to circulate between the head and the 
lining. In the shade, no hat or a peaked cap 


fitting loosely with space between the head 
and the top of the hat is satisfactory. 

Drinking habits. A healthy man can secrete 
8 L. of sweat in eight hours; therefore, it is 
important to advise the farmer to drink plenty 
of water when working in hot weather. The 
sodium—potassium balance must be observed. 
The farmer if not on a salt-restricted diet is 
normally advised to take extra salt on the food 
or a trace of salt in the water, about 1 tea- 
spoonful per gallon, which is not enough to taste. 
The physician may also find it necessary to 
increase the level of salt intake of a farmer on a 
low-sodium diet working in a hot environment. 
Eating fresh fruit and drinking plenty of fruit 
juices also helps the sodium—potassium balance. 

Eating habits. On hot days eating a light 
midday meal of foods with a high moisture 
content is helpful to the water balance. Cakes, 
breads and starchy food require more water for 
digestion. Heavy meals of food of high 
specific dynamic action add appreciably to 
the heat load by the heat produced: by the 
work of digestion. The diversion of blood flow 
to the portal circulation following a heavy meal 
reduces the effective blood flow to the skin; 
the vagal reflex stimulated by the distended 
intestinal tract tends to slow the circulation; 
thus, the ability to respond to heat is impaired. 

Effect of Cold Weather: Cold weather does not 
add appreciably to the stress of a healthy man 
at work if he is suitably clothed. The weight 
and bulkiness of the clothing and boots may 
increase the energy cost of work. The associa- 
tion of anginal pain and exertion in the cold 
in people with arteriosclerotic heart disease is 
well established although the mechanism is 
not clearly understood. Farmers with this 
disease should be warned of this and other 
stresses connected with cold weather, for 
example, walking in heavy snow or shoveling 
snow. 

The farmer doing the chore work finds it dif- 
ficult to keep warm during a rest pause in very 
cold weather. He will not want to come back 
to the house to rest in the warmth, so he might 
be advised to have a warm area in the buildings 
in which he can rest. 

In modern farming there is a tendency to 
keep animals in confinement, especially in 
winter. It is often possible to construct a 
shelter so that the farmer is protected from the 
wind and does not walk through the snow as he 
goes out to his stock in the buildings and yards 
on cold, snowy days. 
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EMOTIONAL STRESSES 

Since the load on the heart muscle is pro- 
portional to the product of the heart rate times 
the systolic blood pressure,® it is clear that 
emotional stresses add to the total cardio- 
vascular stress. However, their quantitative 
effect remains indeterminate. The stress of a 
surgeon, a man working under considerable 
tension, has been estimated to be over four and a 
half times that of a heavy industrial worker 
such as a steel mill operative.” On the farm 
the additive effect of stresses is perhaps best 
illustrated by chasing hogs on a hot day: 
the work stress is high, the heat stress is high, 
and no farmer chases hogs without considerable 
emotional stress. 

Although the results of emotional stress 
cannot be measured like the heart rate or 
temperature, their magnitude must be rec- 
ognized. The subject knows when his emo- 
tional tensions rise substantially and remembers 
the feeling. of exhaustion after undergoing 
severe emotional stress. The physician can, 
by careful discussion, identify the typical 
causes in each patient. 

The nature of the stress can be explained and 
the cardiac advised that many of these stresses 
can be eliminated or reduced. Activities 
beyond his physical capacity, for example, 
pushing a car that is stuck in the snow, must 
never be attempted. The high work stress 
and failure leading to frustration will then be 
avoided. 

The risk of farming together with the risk of 
emotional tensions may be reduced. For 
example, the acreage of corn that the farmer 
with cardiac disease intends to plant must be 
based on a larger margin of safety than is 
necessary for the “‘well’’ farmer.’ The risk of 
anxiety, of getting the crop planted, of long 
hours necessary if the farmer gets behind 
schedule will then be minimized. Other risks 
may be reduced by insurance. For example, 
hail may wipe out a whole crop; for a small 
premium the farmer may obtain crop insurance 
and so reduce the risk of loss and the risk of 
emotional tension. 

Good farm records will facilitate preparation 
and, if necessary, substantiation of tax returns. 
Some farmers find getting this kind of work done 
more difficult than doing their field work. 
Competent assistance can reduce stress from 
this cause. 

Uncertainty and lack of knowledge also 
cause emotional tensions for the farmer when 
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he has to make decisions. There is a great 
deal of information available to the farmer 
through the extension service, the farm press, 
radio and television; a well informed farmer 
can reach a logical decision on most farm 
problems without worrying. 


PROBLEMS IN FARM MANAGEMENT FOR A FARM 
OPERATOR WITH CARDIAC DISEASE 


Problems in farm management for the cardiac 
patient who operates a farm will generally be 
outside the usual area in which the physician 
wishes to give advice. However, it is important 
that the farmer receive assistance in adjusting 
his farm activities to his functional capacity. 
The physician can often help by referring his 
patient to the facilities available through the 
agricultural extension service. Since some 
farmers with cardiac disease would find a better 
opportunity in employment off the farm, the 
vocational counseling service available to all 
through the State Department of Vocational 
Rehabilitation is also often useful in rehabilita- 
tion. 

The farm operator is faced with making two 
basic types of decisions as follows: (1) “what 
to do” (e.g. what to grow, what livestock to 
keep), and (2) “‘how to do it” (e.g. system of 
management, work methods, mechanization). 

**What to do’’ Decisions: The first decision to be 
made by the farmer struck by heart disease 
probably is whether to continue farming. He 
may have farmed for most of his life, often 
earning a surprisingly small income for his 
relatively high capital investment and his hard 
work. This decision must, of course, be left to 
the farmer. However, he should be appraised 
of the alternatives which might include taking a 
full or part-time job off the farm, perhaps 
associated with agriculture; retiring or buying 
some other business; or, most commonly, 
adapting the farm operation to his changed 
situation. He may do this by replacing his 
loss in working capacity by family or hired 
labor, by capital invested in machinery or by 
reducing the scope of the farm operation to 
fit his impaired capacity. . The responses of a 
group of forty-four farmers who had had 
myocardial infarction (Table mz) illustrate all of 
these possibilities. 

The family often provided the additional 
labor to enable the farmer with cardiac disease 
to continue farming. This commonly occurs 
with natural aging as well as with disease. 
Sometimes the farm operation was reduced 
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TABLE III 


Major Changes in the Farm Business and Labor Force of 
Forty-Four Patients with Myocardial Infarct 


Change No. 
Farm substantially unaltered 16 
Children and/or wife help 11 
Hired more labor 3 
Labor force unaltered 2 
Reduced livestock * 10 
Children and/or wife help 5 
Hired more labor 3 

Labor force unaltered 2T 

Reduced crop landt 7§ 
Children help !! 3 


Hired more labor (summer ) 
Labor force unaltered J 
Rented land to others 
To sons; farmer ‘“‘fills 
Farmer took nonfarm job 
Kept some stock 
Farmer retired 
Quit business 
Sons took over 
Unstated reason 


KF OH 


* Three dairy herds sold. 

¢ One farmer also works as County Assessor. 

¢ Excludes Soil Bank, mentioned by one farmer. 

§ Two included in this group of seven also reduced 
livestock and are also counted in preceding group of ten. 

li Two also reduced stock. 

§ One also reduced stock. 


until a son was old enough to enable the 
original operation to be restored. 

Only farmers with good managerial ability 
can afford to hire an extra full-time worker. 
In the Midwest this would cost $4,000 to 
$5,000 in wages, housing and perquisites. A 
considerable expansion of the business would be 
necessary for the farmer to retain his former 


level of income with this added expenditure. © 


However, in rural areas it is still usually possible 
to hire labor to help during the peak seasons of 
planting and harvesting. This part-time labor 
is usually a much cheaper alternative and more 
practical for the farmer who cannot get the 
extra help from his family. 

It is often preferable for the physician to 
advise a small steady work load rather than 
suggest that the farmer retire at once and 
completely. Here again, the county extension 
agent can help the farmer to evaluate the 
alternatives within the prescription of the 
physician. 

After the labor resources of the farm are 
established, farm management specialists may 


help the farmer to plan the cropping for the 
land within the labor supply. If the labor 
supply has not been increased to compensate 
for the impairment of the farmer the acreage of 
crops may be reduced. This may be done by 
changing the cropping system, by giving up 
land that is rented or by renting some of the 
land for a share of the crops produced by the 
tenant. 

After planning the crops the livestock enter- 
prises are planned to use up the rest of the 
available labor. The enterprises already on 
the farm may be changed in size or an enterprise 
requiring less labor substituted for one with a 
high labor requirement; for example, beef 
cattle substituted for milk production. The 
changes in crops and livestock may greatly 
affect the income of the farmer. 

In the most severe cases, the farmer may be 
advised to rent out all of the farm, perhaps 
keeping a few livestock as “‘busy work.” If the 
farmer has been contributing to social security 
and is of retirement age he may be able to 
obtain an adequate income from renting the 
farm and receiving social security benefits. 
In a few cases the farmer will leave the farm, 
handing it over to some member of his family or 
selling the business outright. 

The number of farmers in the United States is 
decreasing annually and many of those still on 
farms, either as farm operators or farm workers, 
could earn more money off the farm; neverthe- 
less, it is usually difficult to persuade even 
healthy men to leave the farm. The farmer 
with cardiac disease may be able to get employ- 
ment in some agricultural business or in a local 
government office for which he is qualified. 
For example, some farmers with heart disease 
have taken jobs as salesmen of agricultural 
seeds, fertilizers or feeds, salesmen of insurance to 
farmers, county assessors, crop recorders and 
so on. 

to do it’’ Decisions: ‘The “Show to do it” 
decisions are little, if any, less important than the 
“what to do” decisions. Decisions in this area 
can greatly reduce the peak and average levels 
of energy expenditure. 

It is in this area of “‘how to do it” that the 
farmer with cardiac disease has the best op- 
portunity to compensate for his impairment and 
has the greatest need for advice. This advice is 
readily availab:e through the county agricultural 
agent and the state extension specialists. 

The farmer with cardiac disease may sub- 
stitute capital for his labor. Equipment can be 
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purchased to do much of the “chore” work 
automatically. The farmer may admit, after 
being forced by infirmity to make the changes, 
that these changes should have been made 
years ago. 

Sources of credit are usually available to per- 
mit mechanization of the farm over a period of 
years. The sources include the Agricultural 
Stabilization and Conservation Program (crop 
loans and soil bank and conservation payments) 
and the Farmers Home Administration (im- 
provement loans), as well as sources available 
to nonfarm businesses. The Vocational Re- 
habilitation Service has also been known to 
contribute to the cost of labor-saving devices 
for the impaired farmer. However, a sudden 
need for complete mechanization may present 
problems particularly if the lending agency has 
doubts about the life expectancy of the farmer. 

A program of education in work simplification 
is helpful to farmers making “how to do it” 
decisions by -provision of technics which the 
farmer can use to evaluate his own work 
methods. A similar program on work sim- 
plification in the home has been successful in 
helping the homemaker with cardiac disease. 


SocroLocic IMPLICATIONS FOR REHABILITATION 


A farmer who has had an episode of cardiac 
disease may have great difficulty in readjusting 
his enterprises to reduce his work load. His 
capital is tied up in his farm and his skills are 
not easily transferred to other kinds of employ- 
ment; however, it has already been dem- 
onstrated that many alternatives exist for him. 

Since farming is more than an economic 
undertaking and is a way of life, the successful 
rehabilitation of the farmer with cardiac disease 
must take into account the farmer’s attitudes 
toward health and the meaning that work will 
have for him. A farmer cannot abruptly cease 
hard satisfying work that brings in real results 
(a crop) without psychologic consequences. 
Physicians must remember that vague sug- 
gestions to “slow down” have little chance of 
being accepted when they run contrary to 
habitual work practices which have been fol- 
lowed for decades. Instructions need to be 
specific and workable. 

The farmer may have to be prepared to 
accept a lower standard of performance as a 
result of his heart disease; he may not get the 
crops in so early or there may be a few weeds in 
the fence. He should be counseled that his 
neighbors, who notice such things in judging a 
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man, will usually make allowances. In any 
case, he must use his limited physical resources 
on essentials, not frills. 

The farm family is also involved in the 
adjustment of the head of the household to a 
reduced work load. Some families have sons. 
who can assume the responsibilities their 
fathers carried; other fami'ies do not. Some 
wives are willing to change their own habits in 
deference to their husband’s needs; others are 
not. The physician may need to counsel the 
whole famity in an effort to elicit its help. 

Finally, neighbors can assist in the rehabilita- 
tion of the cardiac-impaired farmer or frustrate 
his adjustment. Neighbors can help harvest a 
crop, thus sparing a recently stricken farmer an 
additional worry. An irresponsible comment 
such as “‘you should quit work before you kill 
yourself’? can undo months of careful education 
on the part of the physician trying to help the 
farmer return to his job. Criticism of the 
impaired farmer for not doing unessential jobs 
is also harmful to rehabilitation. It would 
appear, then, that the physician must also 
actively engage in community education at- 
tempting to raise the level of public under- 
standing of heart disease and its relationship to 
work. 


Tue ROLE OF THE AGRICULTURAL WoRK 
CLASSIFICATION UNIT 


In the same way as the work classification 
unit plays a part in the rehabilitation of the 
industrial worker with cardiac disease and in 
physician education, a demonstration in lowa 
has shown that an agricultural work clas- 


sification unit is feasible." In this case the 
rehabilitation team consists of a physician, a 
vocational counsellor and a county agricultural 
agent. Farmers have also been through 
the industrial work classification units but the 
regular staff of the unit is rarely able to help with 
problems of farm management. 

There is some reluctance on the part of physi- 
cians in rural areas to refer patients to specialists. 
One major problem in setting up a work classifi- 
cation unit in a rural area, as in an urban area, 
is to obtain a satisfactory case load from the 
physicians. It remains to be seen whether this 
is possible. 

The approach being taken in the farm cardiac 
research program in Indiana is that the work 
classification unit has not proved practical for 
the rehabilitation of the vast majority of 
patients with cardiac disease. Less than 1 per 
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cent of the cardiac patients in the nation have 
been through a unit. On the other hand, most 
cardiac patients receive assistance mainly from 
the family physician. He, or the specialist to 
whom he may refer, evaluates the farmer 
with cardiac disease and could and should also 
refer for nonmedical assistance to the people 
who would comprise the agricultural work 
classification unit. Research has not yet 
reached the phase that would demonstrate the 
feasibility of this concept; however, it is 
evident that in the forseeable future, more can 
be done for the farmer with cardiac disease by 
education of physicians than by the establish- 
ment of work classification units. 


SUMMARY 


Farming as an occupation still requires much 
physical work although today the drudgery is 
neither necessary nor remunerative. The re- 
quirement of hard work acts as a selecting 
factor, discouraging the unfit from entering 
the vocation. 

The activity of farming appears to have a 
prophylactic effect on the manifestation of 
coronary heart disease. However, the nature of 
the farm business makes the impairment of the 
farmer in the acute stages of heart disease a 
serious threat not only to the man but also to 
the future of the business. 

The farmer commonly owns all or part of his 
farm; he hasmany alternatives which permit him 
to live usefully with his heart disease. These al- 
ternatives range from changing work methods, 
the size of business being unaltered, through ob- 
taining more labor to retiring. 

The complexity of the alternatives makes 
decision-making difficult. However, once the 
acute stages of the disease are overcome, the 
farmer may obtain help in planning his farm 
from the agricultural extension service; there 
are also sources of credit which can provide 
capital for mechanization to aid in overcoming 
the physical impairment. 

The physician has a real opportunity in 
rehabilitation of this highly motivated group 
of patients. Apart from his medical skills, the 
physician’s success will depend upon some 
understanding of the stresses of farm work and 
means for their reduction. .The instructions to 
the farmer in the area of work must be specific. 
Compliance will often be better if the family is 
well informed. 


Acceptance by the community of the fact 
that most farmers with cardiac disease are able 
to work within limits is essential to satisfactory 
rehabilitation. Most people consider the phy- 
sician as the main source of information in this 
area. Therefore, community education on 
health and disease is another responsibility of the 
physician trying to rehabilitate cardiac patients 
who are farmers. 
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Prognosis for Rehabilitation of the Older 
Adult and the Aged Hemiplegic Patient’ 


MireEczysLAw PESzcZyYNsKI, M.D. 
Cleveland, Ohio 


re GROWING NEED for and interest in the 
long range treatment of the patient who 
has suffered a cerebral vascular accident 
resulting in hemiplegia make it imperative 
to review the factors essential in formulating a 
prognosis for recovery and successful rehabilita- 
tion. In this context the term rehabilitation 
can best be defined as the patient’s ability to 
use and the actual use of his remaining functions 
to become as independent as possible. By 
necessity this review is based mainly on my 
clinical impressions and personal experience.! 
Statistically founded prognostic information 
in this area is only slowly forthcoming and thus 
far is of limited value. Some prognostic data 
from several statistically controlled studies 
have recently become available.?—4 

The elderly hemiplegic patient is justly con- 
sidered less apt to profit adequately from the 
short term rehabilitation programs that are 
available in some general hospitals. The 
expense of a prolonged treatment program is 
therefore often considered only when adequate 
results may be expected. We are concerned 
here with an age group in which conventional 
vocational rehabilitation may not ‘be expected 
in most instances. On the other hand, the 
patient’s ability to care for himself, to walk and 
to be independent at home has become a well 
accepted goal. Often the fact that the care of 
a partially dependent disabled person at 
home is expected to be made physically, 
economically and socially easier for the family 
may in itself be an adequate reason for a 
prolonged program of rehabilitation treatment. 
Similar factors should be considered if the 
patient’s eventual placement in a nursing or 
boarding home has to be contemplated. 

Rates of immediate survival following a 
cerebral vascular accident are not presented 


here. However, it is worth while to point out 
that death from a single cerebral vascular 
accident should not be expected beyond the 
first two weeks after the stroke, unless there 
are good reasons to believe that the focus of the 
cerebral vascular accident itself is expanding 
or that a coexisting serious disease is progressing. 


CLINICAL PRrRoGNosTiIc FAcTOoRS IN CEREBRO- 
VASCULAR ACCIDENTS 


The evaluation of the cardiovascular status 
is paramount in predicting the outcome of the 
physical treatment of the disabled. Advanced 
hypertensive encephalopathy by itself carries 
a poor medical prognosis. A comparatively 
mild hemiparesis in a patient with moderate 
hypertensive encephalopathy may often result 
in a very unstable gait or even in the patient’s 
inability to learn to walk at all. A multiplicity 
of small cerebral lesions seems to be the etio- 
logic factor responsible for this locomotor disable- 
ment. Some patients with auricular fibrilla- 
tion are able to muster enough energy to learn 
to walk again only after the fibrillation has been 
successfully converted to a regular sinus rhythm. 
A recent myocardial infarct overshadows 
all other prognostic considerations arising 
from a superimposed cerebral vascular acci- 
dent. 

Prolonged bowel incontinence is the most impor- 
tant prognostic symptom in a patient with a 
recent cerebral vascular accident. It is doubt- 
ful that there will be any essential improvement 
in the status of self care of an elderly hemiplegic 
patient who is still incontinent of bowels three 
to four weeks after the stroke, even with the 
best management and prolonged training. 
This statement is qualified by the provision 
that it does not include those patients who 
suffer a superimposed disease which is the 


* From the Department of Clinical Physical Medicine and Rehabilitation, School of Medicine, Western Reserve 
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cause of bowel incontinence and could reason- 
ably be expected to respond to treatment. 
In making a differential diagnosis the common 
situation of fecal impaction with “overflow” 
diarrhea-like bowel incontinence must be ex- 
cluded (by digital rectal examination) before 
the pessimistic diagnosis of bowel incontinence 
due to brain damage is decreed. 

Urinary incontinence,’ in contradistinction, has 
no major predictive value. It may be iatro- 
genically induced, as for instance due to 
unnecessarily prolonged indwelling catheter 
management, or may be a consequence of 
inadequate nursing care. Many hemiplegic 
patients stop being incontinent of urine when 
they learn to walk independently to the bath- 
room. A victim of cerebral stroke who has 
learned to ambulate and is not bowel inconti- 
nent but who does have inadequate urinary 
control must have a thorough genitourinary 
investigation to exclude urinary tract disease. 
Frequently, pathologic conditions which have 
been previously well compensated become 
evident following the cerebral vascular ac- 
cident as a result of the individual’s de- 
creased ability to compensate for the pre- 
existing abnormality. 

Flexion contracture of the hemiplegic knee is 
the second most important prognostic factor 
for rehabilitation. Occasionally, mild flexion 
contractures (up to 15 degrees) do not progress, 
and although they make walking clumsy, they 
do not prevent it. In the older age group 
the average knee flexion contracture makes 
ambulation impossible. Motor denervation of 
the involved lower extremity followed by surgi- 
cal straightening of the knee and ambulation 
training with a long leg brace is feasible in the 
younger age group only. 


The combination of a marked knee flexion 


contracture on the hemiplegic side and a 
functionless upper extremity is, in a large 
percentage of cases, the reason for the patient’s 
inability to learn to transfer unassisted from bed 
to wheelchair or from wheelchair to toilet 
seat. Often this limitation of functioning 
at the wheelchair level is not anticipated, and 
much valuable time is wasted in trying unsuc- 
cessfully to teach such a patient independent 
transfer technics. 

A large percentage of knee flexion contrac- 
tures in hemiplegic patients develop as a 
result of pain (withdrawal reflexes) in the in- 
volved lower extremity either from a pressure 
sore at the heel or external malleolus or from 


thrombophlebitis in the lower leg. Other causes 
of knee flexion contractures on the hemiplegic 
side are positioning, such as a pillow under 
the knee while the patient is in bed or too much 
sitting without an adequate opportunity to 
walk. 

The type of motor involvement resulting from 
the cerebral vascular accident definitely in- 
fluences the prognosis. Severely involved pa- 
tients with “prolonged flaccidity,” i.e., the 
knee is unstable and the upper extremity hangs 
limply, almost always learn to ambulate but 
they require a prolonged period of gait training. 
Occasionally such severely involved hemiplegic 
patients learn to walk independently only after 
they have been subjected to a “total push” 
ambulation program. In such a program the 
patient is ambulated by the therapist for two 
to three minutes of every ten minutes for several 
hours daily. Sometimes knowledge of special 
ambulation technics on the part of the supervising 
physician and his therapists is essential to secure 
success. Patients with cerebellar. tract in- 
volvement and those with bilateral cerebral 
vascular accidents may not have even a fair 
prognosis for ambulation unless, as for the 
patients with “‘prolonged flaccidity,”’ the thera- 
peutic staff has had special experience with 
the problems. 

Physicians who have had a great deal of 
clinical experience with elderly hemiplegic 
patients will be able to decide two or three 
weeks after the cerebral vascular accident 
whether neuromuscular re-education of the 
upper extremity is justified. 

Sensory involvement in hemiplegia has a definite 
influence on the prognosis in that more time is 
needed to teach such a disabled patient in- 
dependence in ambulation and activities of 
daily living. Although sensory involvement 
is important to the prognosis, I doubt whether 
the difference between the length of hospitaliza- 
tion needed for patients with sensory involve- 
ment and those without sensory involvement is 
so large for the average hemiplegic patient 
population as reported by Van Buskirk and 
Webster. The question of the degree to 
which hemiplegic patients with sensory involve- 
ment differ from those without sensory involve- 
ment in their ultimate (at the end of their re- 
habilitation treatment) daily life performance 
still remains unanswered. It is my impression 
that basically patients with sensory involvement 
are usually not much more handicapped in their 
activities at home than the hemiplegics who 
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suffered only ‘“‘pure” motor paresis. Much 
more information about the dependence of 
sensory loss upon higher mental functions has 
to be available before adequate prognostic 
correlations can be worked out. For instance, 
it may take years for a highly intelligent 
hemiplegic with almost full motor recovery to 
become aware of astereognosis in his involved 
hand because he may be using this hand auto- 
matically, getting the needed sensory informa- 
tion from eye-hand coordination or from the 
other hand in bimanual activities. On the 
other hand, another similarly highly intelligent 
patient may be so incapacitated by astereog- 
nosis that he will not use his involved hand at all 
although almost full motor recovery is present. 

Hemianopia presents additional complications 
and risks, especially because of the patient’s 
unawareness of the existence of loss of some 
portion of his visual field and because it is 
difficult for older brain-damaged patients to 
learn to take that loss into consideration when 
performing their normal activities. Yet, with 
patience on the part of the staff and an ade- 
quate opportunity to learn to walk, the hemi- 
anopic patient may eventually do fairly well in 
ambulation. 

Pain in Hemiplegia: Pain must always be eval- 
uated carefully. Osteoarthritic knees may not have 
bothered the patient at all prior to the stroke, 
but impaired motor control resulting from the 
cerebral vascular accident may cause the hemi- 
plegic knee to be so painful that ambulation 
becomes impossible. A long leg brace, with the 
knee unlocked during ambulation, may give 
enough lateral stability and prevent an accumu- 
lation of minor traumas to the hemiplegic knee 
to enable the patient to walk again. 

The most common local pain in the hemi- 
plegic side is the painful shoulder. The routine 
examination should include testing for abnormal 
sensitivity in the hemiplegic shoulder, partic- 
ularly in aphasic patients. It should be 
treated in this very early stage because a 
hemiplegic patient with a neglected painful 
shoulder may feel so distressed that he may 
object to any gait or self care training. 

In a patient with central damage to the auto- 
nomic system, as demonstrated by a swollen 
hand, the painful shoulder is inclined to de- 
velop into a shoulder-hand syndrome with its deep 
impact on the patient’s total behavior including 
his locomotor functioning. I have been im- 
pressed by the value of suprascapular nerve 
blocks in treating a painful shoulder and of 
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combined supravascular and stellate ganglion 
blocks in treating cases of definite or even 
threatening shoulder-hand syndromes. 

Pain in the hemiplegic side which is of 
central origin may not start until a few months 
after the stroke or may have increased by that 
time. This is another factor making early 
ambulation imperative because in borderline 
cases the patient may continue walking despite 
the pain; however, if for some reason the 
rehabilitation program is not started im- 
mediately, such a patient may resist starting to 
learn to walk because during the delay the pain 
has progressed beyond the limit of his tolerance. 
Mild pain of central origin usually will not 
interfere with ambulation and activities of 
daily living training. Marked pain may pre- 
clude any physical rehabilitation. ‘“‘All over” 
pain, including the so-called good extremities, 
is an especially poor prognostic symptom. 

When a patient’s mild pain of central origin 
develops into severe pain, it is seldom recog- 
nized as possibly being caused by the super- 
imposition of pain from peripheral lesions. Some 
of the success we have had with stellate ganglion 
blocks on the side of the hemiplegia partially 
relieving thalamic pain can probably be at- 
tributed to their effects on the superimposed 
shoulder-hand syndrome. Therefore, a pain- 
producing local lesion in a patient who suffers 
central hemiplegic pain should not be neglected 
because it may grow into an untreatable syn- 
drome with a poor prognosis for the rehabilita- 
tion of the patient. 

Aphasia: A great deal of clinical experience 
is necessary to be able to prognosticate recovery 
from aphasia. Schuell’ has worked out a classi- 
fication of aphasia and has attached a high 
prognostic value to each group; however, its 
use is limited to professional speech pathologists. 
Boone‘ is developing a speech profile index 
which will have good prognostic value even 
when used by people with limited experience 
in speech pathology. Receptive aphasia, and 
sometimes even global aphasia, does not basi- 
cally interfere with the hemiplegic patient’s 
ability to learn to walk, dress and feed himself. 

Mental Derangements: We still do not have a 
good understanding of the derangements of 
higher psychologic functions that occur in 
hemiplegic patients, nor do we understand how 
they influence the prognosis for rehabilitation. 
Some of the confusion demonstrated by a hemi- 
plegic patient who has been recently admitted 
to a hospital may be transient. The patient 
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may be suffering the consequences of brain 
edema, may have difficulties in adjusting himself 
to the new surroundings in the hospital or may 
have fleeting symptoms of apraxia. Different 
degrees of denial of disease are reportedly very 
common in the acute period.*® 

Motivation: Once the clinical picture is 
settled, the patient’s acceptance of his dis- 
ability can greatly influence the success or 
failure of rehabilitation, or in some cases can 
prolong the period of treatment. For instance, 
a patient who insists that his functionless upper 
extremity will improve in spite of what he has 
been told, may not be able or willing to learn 
one-handed self-care technics. 

We have a poor understanding of what is 
called lack of motivation, and this term has been 
too often misused, especially in the field of 
rehabilitation of the aged. Nadler and Shontz’s 
factor analysis of motivation,® using a hospital 
population in which the largest single group 
involved -hemiplegic patients, bears promise of 
better methods of predicting the outcome of 
rehabilitation of the handicapped. 

Body Image: The brain-injured person’s 
image of his own body, his concept of his body 
in space and his perception of the outer world 
are still other factors about which we must learn 
more and find methods to evaluate their role 
in rehabilitation training. Bruell? found a high 
statistical correlation between a _ hemiplegic 
patient’s degree of visual disturbance in space 
perception and his ability to learn to walk 
safely. Fink’ described a way to measure some 
aspects of what is called body image, and thus 
opened an avenue for further studies leading 
to a better understanding of some facets of the 
process of rehabilitation and its success or fail- 
ure. Bruell and Simon* recently concentrated 
on the development of objective predictors of 
recovery in hemiplegic patients. 


COMMENTS 


The growing number and better quality of 
long range, postrehabilitation follow-up studies 
will doubtlessly give us a better understanding of 
the natural history of some chronic diseases and 
disabilities, and thus enable us to establish more 
reliable tests to predict the prognosis for re- 
habilitation of the older adult and the aged 
hemiplegic patient. It is worth while to 
mention here two such studies; an evaluation 
by Lee et al." of rehabilitation of patients with 
hemiparesis or hemiplegia due to cerebral 
vascular disease, and a very promising follow-up 


study by Stroud” which covers many aspects not 
included in previously published literature on 
this subject. 

We are well on the way to having well docu- 
mented and properly analyzed prognostic 
findings which will enable the medical and 
ancillary professions to provide the hemiplegic 
patient with the best available services without 
the waste of skill, time and funds in pursuing 
aims which are beyond the patient’s capabili- 
ties. 


SUMMARY 


The frequency of cerebral vascular accidents 
and the time expended by medical and ancil- 
lary personnel on the physical treatment of 
hemiplegic patients make it imperative that 
methods be sought for a greater ability to 
predict the results of physical rehabilitation. 
The influence of different factors, particularly 
the type of motor involvement, the degree of 
sensory deficit, visual disturbances, bowel and 
bladder control, contractures, local and thal- 
amic types of pain, speech disorders and ab- 
normalities of higher psychologic functions on 
prognosticating physical rehabilitation of adult 
hemiplegic patient has been discussed. 
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Potential Reversibility of the 


Hemiplegic Posture 
Results of Reconstructive Surgical Procedures* 


WALTER J. TREANOR, M.D. and GEORGE H. REIFENSTEIN, M.D. 


San Francisco, California 


ESPITE AN increasing interest among physi- 
D cians in the reduction of the motor handi- 
caps resulting from cerebrovascular . disease, 
relatively few patients progress in motor skills 
beyond those of the classic hemiplegic posture. 
Regardless of the treatment employed, re- 
covery of motor function is usually sufficient 
in the lower extremity to permit ambulation 
although the gait may be cosmetically undesir- 
able and functionally unsafe. In the upper 
extremity there is such selective motor recovery 
in the flexor muscles that the normal kinetic 
balance between flexors and extensors is but 
rarely restored. 
return in the postural (antigravity) muscles 
seems little changed from the pattern portrayed 
in the accompanying fifty year old print 
(Fig. 1). From a critical viewpoint, it appears 
to us that the only real changes have been in 
nomenclature. For the expression formerly 
used “classic hemiplegic posture’? there has 
been a widespread substitution of the euphe- 
mistic description of ‘‘a satisfactory rehabilita- 
tion result.” 


In an understandable haste to apply newer 


methods of treatment, too many of us have 
chosen to disregard this almost constant pat- 
tern of spontaneous motor recovery. Ameliora- 
tion of the physical handicaps secondary to 
disease has been emphasized at a time when our 
understanding of the cause and course of the 
underlying disease has been less than adequate. 
As a consequence, much enthusiasm and effort 
have been spent on ever more elaborate and 
expensive methods of influencing motor re- 
covery by therapeutic exercise, often without 
sufficient concern about either etiology or the 
natural history of the untreated disease. 


This selective spontaneous: 


Except for the addition of more effective 
means of summating afferent input (most of 
them derivatives of Kabat’s' original concept 
of maximal resistance as the optimal proprio- 
ceptive stimulus) there have been few published 
departures from the therapeutic triad advocated 
by Kouindjy? as early as 1900. Kouindjy’s pres- 
entation of the usefulness of re-education exer- 
cises, progressive ambulation and retraining of 
manual skills was greeted with incredulity by the 
neurologists at the International Congress of 
Medicine in Paris who “‘thought it strange that 
a paralytic could be made to walk.” His 
methods were popularized in the United States 
by Deaver and Brown’ and have been refined 
by Rusk and Covalt* in the past decade. Com- 
mon to all of these therapeutic systems is the 
acceptance of adequate sensory input in re- 
education, and of early substitution of depleted 
functional skills by orthetic devices. 

As a result of a limited control study on a 
group of war veterans with brain injuries, 
Treanor et al.® concluded that the Kouindjy 
method failed to reduce the existing imbalance 
between postural muscles and their antagonists. 
These authors advocated the careful assay and 
control of afferent sensory signals and’ par- 
ticularly recommended the value of temporary 
“‘srounding”’ of patients and the denial of 
heavy tension braces. When conservative meas- 
ures of treatment failed to correct the muscle 
imbalance, surgical means of “proprioceptive 
de-afferentation” were chosen. The surgical 
approach was offered more as an alternative 
physiologic postulate than as part of a ther- 
apeutic system. Its clinical by-product, greatly 
improved kinetic balance between antagonistic 
muscle groups, was therefore viewed merely as 


*From the Departments of Physical Medicine and Medical Education, St. Mary’s Hospital, San Francisco, Cali- 


fornia. 
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support for the hypothesis that motor recovery 
could be influenced by a better balanced pro- 
prioceptive input to spinal synapses. 

In summary, it appears that all present meth- 
ods used in retraining of motor function are 
based on the physiologic principle of adequate 
sensory stimulation. In this report, the con- 
cept of controlling afferent signals in a more 
selective manner by “‘surgical de-afferentation”’ 
of postural muscles is advanced in support of a 
suggested change to sensory stimuli which are 
both adequate and appropriate. 


MATERIAL 


The 184 patients upon whom surgical procedures 
were performed ranged in age from twenty to 
seventy-eight years. No attempt was made to select 
patients on the basis of their age and sex or the etio- 
logic factor productive of hemiparesis (Fig. 2). The 
etiologic factor for the hemiparesis was diagnosed as 
cerebrovascular occlusive disease in 121 cases, 
cerebral trauma in twenty-nine cases and uncor- 
rected infantile cerebral palsy in fourteen. Eight of 
the patients who underwent operation had pre- 
dominantly unilateral involvement secondary to 
multiple sclerosis of the so-called “‘stroke-like” type. 
Twelve patients had incompletely resolved hemi- 
paresis following brain surgery. 

It must be emphasized that all the patients who 
underwent operation had already had an adequate 
program of medical rehabilitation before the benefits 
of surgery were advanced. It is also necessary to 
point out that only 184 patients were operated on 
out of a total of over 800 hemiparetic patients. The 
accumulation of this series of cases has been made 
possible by the generous cooperation of the sixteen 
surgeons who performed these procedures. The ex- 
perience reported, therefore, represents the sharing 
of clinical results from seven private hospitals in or 
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Fic. 1. 
rehabilitation result.’’ 


Classic “hemiplegic posture” or “satisfactory 


around San Francisco, California. All but thirty- 
seven of these patients were on the private services of 
these hospitals. 


PROCEDURES AND FUNCTIONAL RESULTS 


UPPER EXTREMITY 


Reduction of the flexed-pronated attitude of 
the forearm was noted in twelve patients follow- 


OCCLUSIVE CEREBRO-VASCULAR DISEASE 121 
INCIDENCE OF TRAUMATIC ENCEPHALOPATHY 29 
OPERATED PATIENTS ADULT CEREBRAL PALSY 14 
MULTIPLE SCLEROSIS 8 
P.O. TUMOR RESECTION \2 
TOTAL - 104 
30 - 
25- 
204 
7% 
- 
AGE © 10 20 30 40 50 bo 70 80 


Fic. 2. Age distribution and etiologic factors in 184 patients with spastic 


hemiparesis who underwent operation. 
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Fic. 3. A, position nine years after hemiplegia. 


sublimus and elongation of profundi to index and middle fingers. 


elongation of ring and little fingers. 


ing tendon releases around the elbow and wrist. 
The tendons sectioned included the biceps 
brachii at its insertion into the radius, the 
brachioradialis and the flexor carpi radialis, 
both proximal to their insertions. An improved 
resting posture of the elbow and forearm was 
also associated with an increase in the speed 
and amplitude of active supination. The need 
for tenotomies at the wrist could be established 
by the finding of a brisk reflex pronation follow- 
ing percussion over the tendons. 

Tendon Transfers: Early in this study, at- 
tempts to reduce the dominance of the flexor 
muscles at the wrist and fingers centered mainly 


; 
4 ~ 


B, position after release of flexor pollicis longus, flexor digitorum 


C, active extension following addition of profundus 


D, active flexion following same procedure. 


around the use of reversible mechanical block- 
ing, by crushing, of median axons to overactive 
flexor muscles. This method was soon aban- 
doned because the results were unpredictable 
and because there was a relatively high in- 
cidence of postoperative causalgia. In place 
of it end organ procedures were substituted; 
initially, tendon transfers and later, tendon 
sectioning and lengthening. These procedures 
were designed primarily to increase the range 
and strength of the extensors of the fingers and 
thumb. Transfer of flexor tendons of the wrist 
to the common extensor tendons of the fingers 
and to the extensor pollicis longus was at- 
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tempted in twenty-one patients. Successful 
reinforcement of extension of the fingers was 
achieved in only six patients and the “in dwell- 
ing’ posture of the thumb was altered sig- 
nificantly in only two instances. 

Tendon Sectioning and Lengthening: In the past 
three years the employment of the technically 
simpler procedures of tendon sectioning and 
lengthening has resulted in a much higher per- 
centage of successes. Our experience in the 
most recent series of twenty-four patients has 
pointed out the worthwhile benefits of this type 
of “attritional’” surgery. It is clear that a 
better balance between antagonists can be 
achieved more frequently by deliberately sac- 
rificing unnecessary hyperactivity of flexor 
muscles than by the previous attempts to 
augment extensor function by tendon transfers. 
In these patients the procedures which ap- 
peared to offer most toward restoration of 
kinetic balance were tenotomies of the flexor 
pollicis longus, of the flexores digitorum sub- 
limi and lengthening of the profundus flexors. 

Release of the flexor pollicis longus has been 
completely effective in forty-seven patients in 
releasing the thumb from its “indwelling posi- 
tion,” and the procedure itself was noted to im- 
prove the excursion of finger extension in five 
patients. Combined with sectioning of the 
sublimis tendons, section of the long flexor of 
the thumb produced significant improvement 
both in the resting posture and kinetic balance 
in the hands of eighteen patients in whom all 
other methods of treatment had failed. In five 
patients these releases were not sufficient to 
correct spasticity of flexor muscles because of 
persisting hyperreflexia in the profundus flexors. 
Three of these patients were able .to perform 
adequate opposition and finger pinching when 
tendons of the profundus flexors were lengthened 
in addition (Fig. 3A through D). In the re- 
maining two patients the stubborn persistence 
of hyperactivity of the flexor muscles after all 
three procedures were performed necessitated 
reoperation. ‘These two patients were provided 
with a wrist-driven flexor hinge device after 
performing combined tenotomies of all the 
sublimis and profundus flexors of the fingers 
and of the flexor pollicis longus. 


LOWER EXTREMITY 


The Rigid Knee: Characteristically, the hemi- 
paretic patient circumducts the involved leg 
during the swing phase of the gait. It is ap- 
parent that part of this faulty pattern is due to 
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Fic. 4. A, development of rapid stretch response during 
early knee flexion. B, denervation of rectus femoris and 
part of vastus lateralis by partial femoral nerve crush- 
ing (or sectioning). 


the failure to initiate flexion of the knee early 
in the swing phase. An assessment of the rel- 
ative strength of the opposing quadriceps femo- 
ris and hamstrings customarily reveals that 
earlier more complete recovery occurs in the 
extensors of the knee. In slow-motion pictures, 
it is evident that this motor imbalance is re- 
sponsible for a temporary delay in the initiation 
of knee flexion. Both the speed and excursion 
of knee flexion are reduced by the rapid de- 
velopment of a stretch reflex in the quadriceps 
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Fic. 5. Recession of the gastrocnemius, (From: 
Strayer, L, M., Jr. J. Bone & Joint Surg., 32: 671, 
1950.8) 

femoris, specifically in the more lateral fibers. 
Immediately after ‘“‘toe-off,”’ the rectus femoris 
elongates rapidly as the knee flexes, and con- 
tracts reflexly in response to this rapid stretch 
(Fig. 4A). The existence of this stretch re- 
sponse was Clinically demonstrated by the im- 
provement in knee flexion that resulted from 
rectus femoris tenotomy in fourteen patients, 
and following neurectomy or neurotripsy of 
branches to the rectus femoris and vastus lateralis 
in forty-nine patients (Fig. 4B). Reduction 
of the stretch response in the quadriceps mus- 
cles permitted greater ease and speed in the 
initiation of knee flexion and a noticeable re- 
duction in the need for circumduction. 

The Equinovarus Foot: The obvious contribu- 
tion of the gastrocnemius muscle to the equinus 
deformity has been amply reported; this study 
corroborated these reports. Having had the 


experience of many unsatisfactory end results. 


after thirty-nine tibial neurotripsies, we now 
advocate either the Strayer® operation for re- 
cession of the gastrocnemius (Fig. 5) or the 
White’ method of elongation of the heel cord. 
Both of these procedures can be performed under 
local anesthesia and the amount of lengthening 
needed can be graded according to the ob- 
served improvement in the range of active 
dorsiflexion. Correction of the equinus attitude 
has been successfully accomplished in all but 
thirteen of ninety-two operated patients. Seven 
of the thirteen unsuccessful operations have 
been redone by sectioning the tendo achillis. 
Only three instances of postoperative calcaneus 
deformity of the foot were noted; these were 
so minor a degree that the patients were only 


Fic. 6. Tibialis posticus hyperreflexia, a factor in hind- 
foot varus. 


aware of the increased ease of dorsiflexion of 
the foot. 

Correction of the equinus deformity alone 
offered little to the reduction of hindfoot varus. 
Accordingly, eighty-one tenotomies of the 
tibialis posticus were performed to assess the 
role of this tendon in production of this latter 
deformity. This was performed as an isolated 
procedure in thirty-nine patients and in con- 
junction with the Strayer procedure in forty- 
two patients. The clinical criteria for release 
of this tendon were the finding either of a 
hyperactive tendon reflex on percussion (Fig. 6) 
or of palpable fibrous contracture in the tendon 
during the passive production of dorsiflexion 
and eversion of the foot. It was also helpful 
to observe the rhythm and timing as the patient 
attempted to perform this motion simultaneously 
with both feet. In most instances the hem- 
iparetic foot performed this synergy in two 
moities; namely, an initial movement of dorsi- 
flexion in inversion followed by the completion 
of total eversion. Slow-motion picture studies 
of gait revealed a similar “‘check rein”’ of early 
dorsiflexion by an overactive or contractured 
tibialis posticus. In all but fifteen patients 
posticus tenotomy was performed under local 
anesthesia. 

““Clawing of the Toes”: In forty-three patients 
operated on for correction of an equinus or 
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Fic. 7. Preoperative equinus and toe “clawing.’’ Sur- 
gical correction of equinus actually worsened the degree 
of “‘clawing.”’ ‘ 


varus attitude of the foot, ‘clawing of the toes” 
due to overactivity of the flexor muscles 
significantly detracted from the _ over-all 
functional result. The degree of “clawing” 
noted postoperatively commonly paralleled 
the severity of preoperative equinus and varus 
(Fig. 7). Also with increasing experience, it 
was possible to predict fairly accurately the 
likelihood of occurrence of postoperative “‘claw- 
ing,’ and to warn the patient that additional 
tenotomies might be indicated. Releases of the 
long flexors of the toe including the flexor hal- 
lucis longus, were eminently successful in 
reversing the deformity. Release of these 
tendons behind the malleolus also contributed to 
reduction of forefoot varus and, in seven patients, 
added to the functional improvement derived 
from translocation of the tibialis anticus laterally. 


COMPLICATIONS AND CONTRAINDICATIONS 


Complications: In view of the well known as- 
sociation of myocardial insufficiency with cere- 
brovascular occlusive states, the lack of oper- 
ative mortality attests to the ease with which 
even patients who are poor operative risks with- 
stand such minor surgical corrections. The 
morbidity statistics are outlined in Table 1. 
Causalgia of the hand, occurring in five patients, 
was not sufficiently severe to warrant the use of 
energetic methods of correction such as stellate 
chemical blocking or ganglionectomy. Pul- 
monary embolism, occurring in three patients, 
and atelectasis in two other patients, were both 
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TABLE I 
Complications of Surgery 


No. of 


Complication Patients 


Causalgia of the hand 

Pulmonary embolism 

Atelectasis 

Overcorrection of muscular imbalance 
Denervation fibrosis 

Delayed wound healing 


considered to be due to excessive immobiliza- 
tion following surgery. In the patients more 
recently operated on, who have been mobilized 
promptly following surgery, there has been no 
incidence of chest complications. Accelerated 
progression of cerebrovascular disease has not 
been noted as a complication of this type of 
surgery. Patients receiving long-term admin- 
istration of anticoagulants have been tempo- 
rarily withdrawn from therapy for the immediate 
pre- and postoperative periods without apparent 
detriment. 

Naturally, the complications of over- and 
undercorrection of muscular imbalances were of 
primary interest to us. We had anticipated 
that a small percentage of overcorrection with 
the consequent production of a calcaneus de- 
formity of the foot would result from the wide 
use of procedures for elongation of the spastic 
contractured heel cord. In fact, only three 
patients had a minor degree of calcaneovalgus 
of the foot following the Strayer procedure and 
the overcorrection did not interfere with am- 
bulation in any instance. In two patients the 
transfer of the flexor carpi ulnaris around the 
ulnar border of the wrist resulted in excessive 
supination of the hand; this position was de- 
scribed by the patient as being both functionally 
and cosmetically undesirable. In four other 
patients, following tenotomy of the wrist palmar 
flexor tendons, there was a noticeable reduction 
in the amplitude and speed of finger extension 
as a consequence of the newly provided dorsi- 
flexed position of the wrist. 

In the great majority of patients, however, 
errors were made on the side of undercorrcction, 
and reoperations were necessary either be- 
cause of too rapid reinnervation or because of 
insufficient lengthening of the tendon. In 
three patients, crushing of the tibial branches 
to the gastrocnemius-soleus complex resulted 
in considerable denervation fibrosis within these 
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muscles; in all three patients the equinus 
deformity was actually accentuated by surgery. 

Delayed healing was most common at the elbow, 
wrist and ankle. The lower one-third of the leg 
is recognized as having poor vascularity and 
in this series this contributed to delayed skin 
healing in twenty-three patients. However, 
we noted that this complication could be min- 
imized by the use of a walking cast in patients 
whose vascular supply was considered to be in- 
adequate preoperatively. 

Contraindications: Four major reasons which 
prompted us to reject patients as candidates for 
surgical corrections are as follows: (1) advanced 
thalamic state; (2) agnosognosia; (3) pro- 
found proprioceptive loss; and (4) lack of 
enthusiasm in patient (this is ¢/ective surgery). 
First, patients with persistent, poorly localized 
pain in the extremity (the so-called thalamic 
state) were rejected because the addition of fur- 
ther foci of nocioceptive stimuli merely com- 
pounded the existing kinetic dysfunction. The 
wisdom of this choice was made apparent to us 
in two patients with thalamic pain, whose post- 
operative recovery periods were almost as try- 
ing on the surgeon as they were unpleasant for 
the patient. Existence of the organic deficit, 
described by Critchley*® as agnosognosia, was 
in our experience another absolute contra- 
indication to the use of surgical procedures. 
Expressed either as a denial of the paretic limb 
or as a wholly unrealistic appraisal by the pa- 
tient of its functional usefulness, this state was 
noted only in patients with such extensive 
brain damage that retraining by any method 
was completely futile. 

It was also revealed to be wiser to refrain 
from surgical corrections in patients with a 
gross proprioceptive deficit. In four patients the 
functional benefits derived from surgery were 
greatly reduced by the existence of inadequate 
appreciation of position sense, particularly about 
the hand. The last major contraindication to 
surgery needs little emphasis. These surgical 
means of helping in the retraining of imbalanced 
muscle states are obviously elective procedures 
and any lack of enthusiasm on the part of the patient 
should always be interpreted as another ab- 
solute contraindication to surgical methods. 


COMMENTS 


It is obvious that the method advocated in 
this report has such wide clinical and socio- 
logic implications that it could be advocated 
only after an extensive clinical trial. Because 
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of the numerous changes in the type of surgical 
procedure employed, each of these procedures 
has been investigated postoperatively for a 
period of at least two years before publication. 
Moreover, our interest was centered not so 
much in the assessment of the merits of in- 
dividual surgical procedures as in the influence 
of surgical de-afferentation on synaptic con- 
duction. Success of the surgical approach was, 
therefore, to be judged not so much by the re- 
duction of spastic contracture or hyperreflexia 
but by the motor increments seen in the pre- 
viously depressed antagonist. 

The major criticisms directed against the em- 
ployment of these procedures are that they are 
clinically unnecessary, that they are expensive 
and potentially dangerous and that they have 
application only to young adult patients. The 
label unnecessary has been applied because others 
have felt corrective bracing of the extremity 
can accomplish the same results as surgery. 
In our experience, the advantages of bracing 
for the “correction of spasticity” have been 
greatly exaggerated. Indeed, at times we have 
been impressed with the increase in spasticity 
of the postural muscles that follows heavy ten- 
sion bracing to correct these overactive muscle 
groups. Moreover, we have not seen any in- 
crements in the strength of a hypoactive muscle 
result from mechanical stretching of its over- 
active antagonist by tension braces. Accord- 
ing to our hypothesis the only rational and 


_ physiologic means of influencing the prevailing 


spinal relay system must be through reduction 
of afferent ‘“‘feed-back” from these overactive 
muscles. 

To the criticism that these procedures are 
potentially dangerous we can point to an oper- 
ative experience of no deaths and very low 
morbidity. With increasing experience, we 
come to view these procedures as mere in- 
cidents in the over-all pattern of spontaneous 
motor recovery, as means of encouraging re- 
covery in a selective purposeful fashion. We 
have, as yet, made no detailed analysis of the 
financial aspects of this method but it appears 
that the earlier employment of surgical cor- 
rective measures greatly reduces the need for 
physical rehabilitation in many adult hem- 
iparetic patients. Too often, the convales- 
cence of these patients is unnecessarily pro- 
longed because of the physician’s lack of aware- 
ness that minor surgical procedures may favor- 
ably influence the pattern and speed of motor 


recovery. 
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Chronologic age of itself seemed to have little 
influence on the success of the surgical pro- 
cedures. Indeed, these procedures had even 
wider usefulness in older patients because sig- 
nificant improvements in kinetic balance were 
acquired much more speedily by surgical means 
than by therapeutic exercise. The patient with 
coexisting myocardial and cerebrovascular dis- 
ease is an acceptable candidate for minor sur- 
gical corrections of deformity. In such a pa- 
tient the often strenuous demands of resistive 
exercises may lead to further embarrassment of 
an already inadequate cardiac reserve. We 
therefore advocate these procedures because 
they are physiologic, relatively inexpensive 
compared to the cost of the prolonged rehabil- 
itation by conservative means, suitable for all 
age groups and extremely safe when employed 
in the proper patient. 

Clinical Applicateons: It is implicit through- 
out this report that this method has its greatest 
application to the problems of the spastic 
lower extremity. It is postulated that the 
“classic hemiplegic gait” is compounded of the 
rigidly extended knee and of an equinovarus 
foot. These functional impairments lend them- 
selves easily to surgical correction or ameliora- 
tion. There is no comparable degree of as- 
sured functional improvement following any 
of the procedures we have investigated for im- 
provement in the arm. Our principal interest 
in the upper extremity has been in reducing the 
afferent “‘reflux”’ from hyperactive flexor muscles 
of the fingers and thumb. 

We have been impressed by the fact that many 
of these tendons are in fact “‘disposable,”’ and 
that their removal is not reflected in any func- 
tional decrement but rather in an’ improved 
posture at rest and kinetic function. Further- 
more, the improvement in posture of the hand 
that results from tenotomies of the flexor pollicis 
longus and the sublimis flexors may permit the 
revival of many of the previously abandoned 
tendon transfer procedures in the hand. For 
an earlier and still widespread attitude of hasty, 
reckless abandonment of the involved hand, 
we are proposing closer study of the individual 
components of flexor hyperreflexia, in the belief 
that selective de-afferentation can make pos- 
sible surgical reconstruction of improved func- 
tion. 

With increasing experience in the use of these 
procedures, we have acquired a mounting cu- 
riosity about the correct timing of surgery. 
The concept that surgery should be considered 
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as a means of preventing muscular imbalances 
rather than as a means of correcting them has 
been explored successfully in a few patients. 
It has also been our experience that a much 
higher percentage of patients with developing 
spasticity in the flexors of the fingers can be 
improved if earlier surgical corrections are 
carried out. 

Obviously, these procedures will have greater 
attractiveness to the referring physicians if most 
of them can be done on a “‘come.and go” basis, 
and also under local anesthesia. It was pri- 
marily for these reasons that we chose to in- 
vestigate the possible benefits of “‘soft tissue 
surgery,” and have not included our experience 
with joint arthrodesis in this report. In this 
series, it has been demonstrated that tendon re- 
leases including the release of the gastrocne- 
mius can be successfully performed under local 
anesthesia. It is hoped that improved technics 
in the future will permit all the operations in- 
cluding tendon transfers to be performed under 
local anesthesia and during very short periods 
of hospitalization. Under these circumstances 
it is believed that the method will have in- 
creased interest for referring physicians and 
that further technical improvements will follow 
its more widespread acceptance. Surgery must 
be considered as a supplement to rather than 
as a substitute for existing methods of functional 
retraining. Its use should, therefore, be re- 
served for those patients in whom nonsurgical 
means have failed or are failing to alter the 
pattern of spontaneous motor recovery. 


SUMMARY 


The use of well known reconstructive sur- 
gical procedures for the correction of muscular 
imbalances in the patient with adult spastic 
hemiparesis has been outlined. These pro- 
cedures have been used on 184 patients, varying 
in age from twenty to seventy-eight years, with 
a wide variety of etiologic factors productive 
of hemiplegia. The principal aims of surgery 
in the upper extremity were the reduction of the 
flexion-pronation attitude of the elbow and 
the correction of the flexor predominance at the 
wrist and fingers. In the lower extremity, our 
goals were the improvement of the speed and 
range of knee flexion, an increased range of 
dorsiflexion of the ankle and reduction of the 
varus deformity of the foot. 

In the upper extremity functionally suc- 
cessful results were obtained in thirty-five out of 
seventy-five patients who underwent operation, 
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an incidence of 46 per cent. In the lower ex- 
tremity successful results were obtained in 129 
out of 154 patients operated on (84 per cent). 
The most rewarding procedures were the 
Strayer method of recession of the gastrocne- 
mius, the White method of lengthening of the 
heel cord, release of the tibialis posticus tendon, 
translocation of the tibialis anticus tendon 
laterally and nerve interruptions of femoral 
branches to the lateral heads of the quadriceps. 

No death due to surgery was reported in the 
series; the morbidity encountered was sur- 
prisingly low. Four major contraindications 
to surgery are discussed and a physiologic ration- 
ale for this method of treatment is advanced. 
A plea is entered for a more rational approach 
physiologically to the underlying muscular im- 
balances and their correction. Substantiation of 
our hypothesis that the hemiplegic posture is 
indeed potentially reversible in a considerable 
proportion of patients must obviously await 
the employment of these principles in larger 
groups of patients. 
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Psychiatric Considerations of Cerebral 


Vascular Disease’ 


H. FIsHEr, M.D. 
New York, New York 


OF THE psychiatric aspects of 
cerebral vascular disease would seem to 
fall logically iato three categories as follows: 
first, the role of psychologic factors in the causa- 
tion or precipitation of the disease; second, the 
psychiatric consequences of cerebral vascular 
disease; and third, the management of these 
consequences. Because this symposium is con- 
cerned primarily with the rehabilitation of pa- 
tients with cardiovascular disease this article 
will be limited to the second and third cate- 
gories. ; 


PsyCHIATRIC CONSEQUENCES OF CEREBRAL 
VASCULAR DISEASE 


The psychopathology which occurs following 
lesions of the brain secondary to cerebral vas- 
cular disease is now regarded not only as an ex- 
pression of changes in the structure and func- 
tion of the brain but also as an expression of the 
efforts of the brain-damaged personality to 
adapt to the perceived defects in function and to 
those demands that can no longer be met be- 
cause of these defects. The effort of such pa- 
tients to find a new adjustment results in the 
following three types of symptoms. The first 
expresses the conflict which the subject faces; 
the second reflects the tendency to build sub- 
stitutive performances in order to adapt to the 
demands of the environment in the most ef- 
fective manner under the circumstances of de- 
fect; and the third is the direct result of the 
impairment of the functioning of the brain it- 
self. 

We believe it convenient to think of the human 
organism as consisting of a body and a per- 
sonality in contact with the external world, 
animate and inanimate. To fully understand a 
person, his functioning must be evaluated in 


each of these areas as well as the relationship 
between thern. When a person suffers cerebral 
vascular disease, each of these areas of function- 
ing is affected. It can impair the use of his 
body as a tool with which to experience and 
manipulate the environment. Sensation and 
perception of the external world may be dis- 
turbed as a result of blindness, damage to sen- 
sory input and brain damage so that awareness 
of the external world and internal perceptions 
are disordered. The motor system is often af- 
fected so that locomotion and essential move- 
ments are impaired. The disability may dis- 
rupt personality dynamics and equilibrium and 
threaten a way of life. It may cause intense 
anxiety, depression and rage. It may be in- 
terpreted as punishment for sins real or imag- 
ined and lead to profound guilt. It may 
threaten normal mastery of the environment and 
produce feelings of helplessness and panic. It 
may unloose previously controlled psycho- 
pathology such as paranoid thinking and create 
intolerable interpersonal relationships. It may 
be organized into the patient’s neurotic striv- 
ings such as dependency or fear of competition 
and be unconsciously welcome as a way out of 
a conflictive struggle. Finally, the disability 
removes the person from normal social ex- 
periences and from work situations which are 
major sources of satisfaction and self esteem. 
Disruption in family life and friendships, sep- 
aration from loves ones, economic problems, 
shattered ambitions and dreams—all are threats 
to the patient. 

Cerebral vascular disease, then, represents a 
massive assault on the organism. How he re- 
acts will depend on the nature of the disability, 
the reality problems it creates, the personality 
of the subject, his past history and life ex- 
periences, the meaning of the disability both 


*From the Department of Psychiatry, New York University College of Medicine and the Institute of Physical 
Medicine and Rehabilitation, New York University—Bellevue Medical Center, New York, New York. 
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conscious and unconscious and the resources 
provided by the patient, his family and society. 


INTELLECTUAL FUNCTION 


Kanner has defined intelligence as ‘“‘the 
capacity to think, solve problems and analyze 
situations in life.” He emphasizes that in- 
telligence is not a separate area or compartment 
of mental functioning but merely one aspect 
of an integrated function of the organism. 
However, it is apparent that to function intel- 
ligently the organism must have the capacity to 
learn, which in turn depends on memory and on 
associative ability, his judgment must be ade- 
quate, he must have the capacity for abstract 
thinking, etc. Not all patients with cerebral 
vascular diseases exhibit evidence of damage in 
these areas. 

The clinical dictum that memory for recent 
events is first to go can be validated by clinical 
experience. This is one reason why elderly 
people tend to dwell in the past. If this past 
experience has been a rich one the patient may 
be able to function surprisingly well, drawing 
on this rich storehouse and using it in a clever 
manner. 

It is not always easy to diagnose impairment 
of intellectual function on direct examination; 
some patients may require more subtle psy- 
chophysiologic In overt cases the 
diagnosis is fairly clear-cut. The patient is 
forgetful, may be disoriented for time, place and 
person, may wander and get lost and is unable 
to manage his daily affairs, monetary or other- 
wise. Such patients frequently demonstrate 
fluctuations, being clear one day and quite con- 
fused the next. 

On occasion amnesia will occur and one is 
confronted with the problem of differential 
diagnosis of organic and psychogenic amnesia. 
The diagnosis of psychogenic amnesia should not 
be accepted unless there has been no loss of con- 
sciousness, no impairment of intellectual func- 
tions and unless a psychologic basis for its oc- 
currence is determined. Sudden and complete 
recovery of memory is not uncommon in cases 
of psychogenic amnesia but does not occur if 
the amnesia is caused by organic factors. Any 
recovery of memory that has been lost through 
organic factors takes place gradually and is 
often incomplete. 


DEPRESSION 


It is inevitable that so long as consciousness 
or awareness is present the patient with cer- 


ebral vascular disease will experience a variety 
of emotional reactions such as anxiety, depres- 
sion and rage. Of these the most common and 
persistent is that of depression. This may vary 
from a state of mild sadness to the extremes of 
psychosis and suicide. The degree of depression 
is determined not only by the nature of the dis- 
ability but also by the particular patient who 
suffers it and the special meaning it has for 
him. 

In the milder forms of depression the patient 
is quiet, inhibited, unhappy, self depreciative, 
discouraged and disinterested in his surround- 
ings. In more severe depression there is a con- 
stant unpleasant tension. Every experience is 
mentally painful. The patient’s interests are 
very limited and always melancholy. Con- 
versation is difficult and he is dejected and 
hopeless in attitude and behavior. Insomnia, 
especially that due to early awakening, is 
common. Somatic complaints such as con- 
stipation, loss of appetite, fatigue, tightness of 
the head and headaches, are frequent. Delu- 
sions May appear and usually express ideas of 
guilt, unworthiness and self accusation. Sui- 
cidal thoughts are often entertained. When 
elements of anger and anxiety are present the 
patient may become agitated. It should be 
pointed out that patients often defend themselves 
against depression either by means of somatic 
preoccupation, or by means of compensation 
such as cheerfulness, euphoria and even hypo- 
manic and manic behavior. 

Depression is always associated with a sense 
of loss and is allied with feelings of grief. It 
is not uncommon for the physically disabled 
patient to personalize his body or parts of his 
body and feel toward it as he does toward a 
cherished person. Loss of function of any part 
of the body is reacted to in much the same fash- 
jon as one reacts to loss of aloved person. . 

Guilt feelings lead to depression. The guilt 
may be for real or imagined sins, and all kinds 
of experiences are dredged up from the past to 
explain the accident and to heap blame on 
oneself. 

Loss of Self Esteem: Central to the depression 
observed in cerebral vascular disease is loss of 
self esteem, so much of which is derived from a 
sense of mastery. This mastery has developed 
from our earliest years in the process of matura- 
tion; we have learned to walk, talk, control our 
bladder and bowels, dress ourselves, wash and 
perform literally hundreds of other activities. 
These skills are acquired in a social matrix in- 
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volving parents and teachers, and out of these 
skills comes a sense of mastery which leads to 
confidence and self esteem, or if our experiences 
have been associated with destructive relations 
with parents or teachers to a lack of confidence 
and self esteem. When a physical disability 
strikes, many of these skills and controls are 
lost, some permanently. The patient is pro- 
jected back into a childlike, helpless state and 
this regression leads to depression, particularly 
if the acquisition of these skills was associated 
with earlier traumatic experiences. 

The patient with brain damage suffers 
acutely from such depression even if there is 
no peripheral paralysis or sensory loss. The 
awareness of damage, however slight, to the most 
valued organ in the body, the brain, so essential 
to everything considered human, is particularly 
painful and the sense of inadequacy, of doubt 
as to ability to cope with life and its demands, 
always leads to depression. 


ANXIETY 


Just as depression is inevitabie following cere- 
bral vascular diseases, so is anxiety. By anxiety 
is meant a condition of heightened and often 
disruptive tension accompanied by the vague 
and disquieting feeling of prospective harm or 
distress. Basically, anxiety is a biologic signal 
of anticipated danger. 

Patients with cerebral vascular diseases are 
fearful of dying. The acute onset of the illness, 
often associated with loss of consciousness, is 
very frightening and the patient lives in con- 
stant fear of another episode. In the slowly 
progressive types such as senility and arterio- 
sclerosis, there is a feeling of disintegration, 
that forces are at work over which the patient 
has no control. The awareness of physical 
defect, inability to move an arm or leg, in- 
ability to remember, produces a feeling of help- 
lessness with anxiety and sometimes panic. 
Perceptual insecurity with difficulties in appre- 
hending and integrating experience is a common 
cause of anxiety. 

When the anxiety is intolerable or unac- 
ceptable to the patient a variety of defenses 
are brought into play; often it is these defenses 
which present themselves as psychiatric symp- 
toms and which often determine diagnosis. 
Anxiety may be repressed from conscious 
awareness. It may be displaced to an object 
or situation to produce a phobia. It may be 
converted into an hysterical symptom. It may 
be controlled or walled off by means of obses- 


MARCH 1961 


sions and compulsions. Behavioral mech- 
anisms such as apathy, boredom, hyperactivity 
or compulsive flow of speech may be utilized 
to express or contain the anxiety. It may lead 
to psychosomatic disorders or to hypochon- 
driasis. 

“Catastrophic Reaction’’: Aside from the usual 
symptoms of anxiety and its defenses, the pa- 
tient with brain damage manifests what is now 
commonly known as the “catastrophic re- 
action.”*~* Confronted with a problem he 
cannot solve the patient becomes suddenly 
anxious, agitated and may appear dazed. 
His color changes, he fumbles, and autonomic 
disturbances such as irregular pulse and re- 
spiratory rate appear. He may become evasive, 
sullen, irritable and even aggressive. The 
‘catastrophic reaction” develops simultaneously 
with the attempt to perform the task in which 
he fails and not following the performance; 
it does not appear to depend on the patient’s 
awareness that he has failed. As a result cer- 
tain behavioral patterns evolve in many pa- 
tients with brain injury. Some, when con- 
fronted with tasks they cannot solve, lose con- 
sciousness. Others avoid exposing themselves 
to such situations by isolating themselves or 
by avoiding tasks through apparent inability 
to understand directions. Some are impelled 
into continuous activity, leading in some 
cases to “occupational delirium.”’ Others adapt 
through an excessive orderliness, any devia- 
tion from which produces anxiety. 


DENIAL 


Although the patient with cerebral vascular 
disease demonstrates the ability to utilize all 
the defenses against anxiety and depression 
which are available to those patients without 
brain damage, there is one type of defense which 
he demonstrates more commonly, and that is 
denial. In 1914 Babinski applied the term 
anosognosia to those patients with left hemiplegia 
who completely denied or were unaware of their 
paralysis. 

For many years observers believed that this 
phenomenon occurred only in patients with 
brain damage and even went so far as to local- 
ize the lesion in the right side of the parietal 
cortex. However, recent workers have dis- 
puted this localization and have described denial 
in patients with all types of disordered brain 
function. In addition, denial has been described 
in disabled patients without brain damage, 
such as with paraplegia and amputation.® 
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Nathanson et al.® found verbal anosognosia for 
the paralysis in twenty-eight of 100 hemiplegic 
patients admitted consecutively to a general 
hospital. 

Weinstein and Kahn,’ in a study of 104 brain 
damaged cases, classified denial according to 
explicit expression in verbal terms, and im- 
plicit expression in terms of feeling and be- 
havior. An example of the former is the patient 
who, when asked to move the paralyzed arm, 
moves the unparalyzed one or denies paralysis 
of his arm but states the arm of the nurse is 
paralyzed. An example of the latter is the 
patient who admits to paralysis, but whose goals 
for rehabilitation may be totally unrealistic. 
The mood of patients with explicit verbal 
denial is usually bland and affable during in- 
terviews and they have been described as show- 
ing “fatuous equanimity.” Anxiety in the 
ordinary clinical sense is absent. Euphoric, 
hypomanic, paranoid and depressed attitudes 
are more prominent in the group revealing 
implicit denial. 

Why denial occurs more frequently in the 
patient with brain damage has been the sub- 
ject of much speculation. It has been suggested 
that denial of disability occurs on the basis 
of structural damage to the brain; that there is 
a failure in perception and that incoming stimuli 
are either not perceived or are perceived in- 
correctly. It has also been suggested that 
motivational factors are dominant, that the 
denial can be explained on the basis of person- 
ality needs and wish fulfillment. Probably 
both factors operate to a varying degree in 
different patients.*® 


PERSONALITY CHANGES 


Cerebral vascular diseases may be ushered in 
by a variety of symptoms depending on the 
nature of the disease, location, extent, whether 
acute as in embolism or insidious as in senility. 
There may be a sudden loss of consciousness, 


a variety of neurologic symptoms; the very 
first evidence of the disease may be a change in 
the personality of the patient. This change may 
appear suddenly or it may be subtle and pro- 
gressive. It may be the first and only sign or 
it may follow or be associated with more strictly 
physical signs of illness. 

The main causes of the slowly progressive 
types are cerebral arteriosclerosis and senility. 
The differential diagnosis between these two 
conditions is not always easy; a clear-cut cor- 
relation between pathologic findings and the 


presence or absence of psychiatric symptoms 
does not exist. In classic psychiatric nosology, 
however, the two conditions are differentiated.® 

Arteriosclerosis: The age of onset of the 
arteriosclerotic psychoses is generally between 
fifty and sixty-five years. Prodromal symptoms 
in the form of fatigue, headache, dizziness, 
diminution of capacity for prolonged con- 
centration, drowsiness in the afternoon or even- 
ing and an insidious impairment of physical 
and mental abilities are common. Not rarely, 
latent character traits are revealed or previous 
trends become pathologically exaggerated. Epi- 
sodes of confusion or excitement or their com- 
bined association constitute a frequent symp- 
tom of the arteriosclerotic syndrome. In 
other cases the onset is insidious and represents 
what has been described as “‘a slow dying at the 
top.’ Among such symptoms are easy mental 
fatigability, a lessening of initiative, impair- 
ment of attention, emotional instability with 
outbursts of weeping or laughter and a tendency 
todepression. Some patients become garrulous; 
others are irritable, aggressive, meddlesome, 
quarrelsome, obstinate, jealous and paranoid. 
Neglect of personal appearance is not uncom- 
mon. Defective judgment and decreased in- 
hibition may result in sexual indiscretions or 
offenses. _ Memory is impaired to varying 
degrees; at first it may consist merely of dif- 
ficulty in recollecting names but later becomes 
general. Daily fluctuations are common. 

Senility: This condition occurs usually at a 
later age and is more common in women than 
men. ‘The transition from usual old age to 
senile dementia is ordinarily gradual and a 
decision as to when the line has been crossed 
is often arbitrary. A dislike of change, a tend- 
ency to become constricted and self centered 
in interests, an increased difficulty in comprehen- 
sion, a tendency to reminisce and to‘ repeti- 
tion are early signs. Memory difficulties, start- 
ing with loss of memory for recent events, ap- 
pear early. A tendency to isolation occurs. 
Deterioration may continue to almost complete 
regression. 

Personality Changes Following Acute Episodes: 
In the acute episodes following thrombosis, 
hemorrhage or embolism and assuming absence 
of or recovery from coma, one is more likely to 
see affective disorders such as anxiety, depres- 
sion and denial, as described previously. 
Usually the presence of paresis, paralysis, aphasia 
or hemianopsia, the more frankly neurologic 
symptoms, gives rise to a more acute psychiatric 
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picture. Following recovery and entry into 
the chronic stage the personality picture will 
depend on the extent of the brain damage and 
the previous personality of the patient. 

One of the most distressing developments is 
that of dependency or invalidism because it 
places a great burden on both staff and family 
and tends to generate considerable hostility. 
The patient is unable or unwilling to do things 
for himself, is demanding of attention and 
service and generally complains of the inef- 
ficiency of the hospital, staff and family. 


MANAGEMENT OF PSYCHIATRIC PROBLEMS 


The delineation of psychiatric problems re- 
sulting from cerebral vascular diseases is ob- 
viously not an exhaustive one. Their selection 
has been based both on their frequency of oc- 
currence and on their influence on rehabilita- 
tion procedures. It is assumed that follow- 
ing an acute cerebral vascular episode as well 
as the appearance of the progressive arterio- 
sclerotic and senile diseases not only will active 
therapeutic measures be instituted but modern 
rehabilitation technics will be employed.'® 

Evaluation of Prognostic Factors: The outcome 
of rehabilitation in cerebral vascular diseases 
depends on a multiplicity of factors. Recent 
studies" have emphasized the importance of 
the extent of brain damage as well as psycho- 
social factors. Of particular importance is 
motivation; this obviously depends on a vector 
involving the total patient including body, 
personality and environment. While physical 
factors such as degree of neurologic defect were 
of importance in the individual patient, they 
seemed to exert little influence on the results 
obtained in the group as a whole. The impor- 
tance of social and psychologic factors seems to 
have been outstanding. 

Rehabilitation is mainly a training and 
learning experience; therefore, a basic minimum 
of cerebral function is necessary. Those pa- 
tients with extensive organic brain damage 
usually do poorly in rehabilitation. Because of 
the severe memory defect they cannot remember 
from day to day what they have learned. Be- 
cause of perceptual difficulties they have dif- 
ficulty in knowing their position in space, 
in learning to walk or in learning occupational 
technics. However, caution must be exercised 
in evaluating such patients. If they are seen 
soon after the acute episode the picture may look 
very grim. Weeks or months later the out- 
look may be much more optimistic. With 
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moderate or mild brain damage much can be 
accomplished in rehabilitation. As has been 
mentioned, many patients with cerebral vas- 
cular diseases reveal no overt evidence of dis- 
turbance of mental function. If this is so, then 
they can be treated as any patient with no 
brain damage. The program should be geared 
to help the patient work with the deficits that 
he has. Untoward emotional reactions are 
probably due to reactions to the disability or 
to factors other than to the brain damage itself. 
Such patients can be helped by insight as well 
as supportive psychotherapy. 

Organic Changes: Those patients who ex- 
hibit signs of organicity require s)ecial treat- 
ment. Rehabilitation program and goals are 
generally more limited. The milieu must be a 
peaceful one without distractions. Special 
effort is made to keep the patient’s environ- 
ment constant so that therapists and classes 
are stable. Fewer activities are prescribed 
simply because the patient with brain damage 
has difficulty learning when exposed to too many 
tasks or demands at one time. A great effort 
is made at repetition and drill in teaching. 
Many trials are necessary to attain mastery in a 
skill and these trials are spaced rather than 
massed together. The patient is informed of 
his progress and is always made aware of his 
immediate goals. Despite the gentleness neces- 
sary in managing the patient with organic 
disease, firmness and decisiveness are impor- 
tant. A firm therapist presents a fixed, predict- 
able stimulus figure in a world which has be- 
come otherwise disordered in the patient’s 
view. 

Sudden changes in environment are often 
the cause of serious emotional distress in patients 
with organic disease. Moves from home to 
hospital, from hospital to a rehabilitation center 
and from center back home all tend to pre- 
cipitate severe anxiety and depression and, on 
occasion, acute psychotic episodes. Many of 
the emergencies calling for psychiatric con- 
sultation occur on admission or just before 
discharge. 

Depression: When depression is present, in 
most cases it is of a reactive type, appropriate 
and related to the cerebral insult and as such 
responds well to relatively superficial psycho- 
therapy such as support and understanding. 
Engagement in the rehabilitation program is 
very helpful, draining energy and anxiety and 
preventing ruminative preoccupation with self 
and with body. When the depression is more 
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severe and psychomotor retardation and inhi- 
bition are evident more intensive therapy is 
indicated. Antidepressant drugs such as Ri- 
talin,® monoamine oxidase inhibitors or imi- 
pramine are indicated. It is too early to say 
whether the drugs will completely replace the 
physical therapies such as electroshock. 

Insomnia: Patients with cerebral vascular 
disease often complain of insomnia and one is 
tempted to use barbiturates in such cases. This 
is unwise because they tend to become agitated 
and confused. Use of a tranquilizer such as 
meprobamate, or in more tense and agitated 
patients one of the phenothiazine group, is 
particularly effective. In the case of an agitated 
depression a monoamine oxidase inhibitor can 
be used in the morning and a phenothiazine 
tranquilizer at night. (It should be emphasized 
that special attention be given to dosage, con- 
traindications and side effects. The newer 
psychopharmacologic agents seem to be more 
potent in’ the elderly and in the patients with 
brain damage.) 

Anxiety: Management of anxiety depends 
on an evaluation of its sources as well as on the 
diagnostic nature of the symptom. Depending 
on the qualitative and quantitative aspects of 
anxiety and its defenses and modes of expression, 
the individual subject’s behavior is called reac- 
tive, neurotic or psychotic. In the reactive 
types the anxiety is related to reality factors 
and may be estimated by the observer to be 
appropriate to the situation. In the neurotic 
patient the anxiety is considered to be quanti- 
tatively greater than the situation calls for or 
is being expressed in neurotic mechanisms such 
as phobias, hysteria, etc. The roots of neurotic 
anxiety will be in earlier unresolved life situa- 
tions, so that the subject organizes the present 
real situation into a previous one and reacts to 
it on the basis of these earlier perceptions. In 
the psychotic patient the anxiety is so over- 
whelming that it disorganizes mental function- 
ing, leading to a gross break with reality. 

The reactive and mildly neurotic forms of 
anxiety respond to support, a sympathetic 
milieu and rehabilitation procedures. Physical 
activity provides an outlet for release of tensions. 
Rehabilitation in a group setting also has the 
advantage of lending support of other patients 
and helping to remove the feeling of estrange- 
ment and uniqueness so often associated with 
disability. 

The more severely neurotic anxiety requires 
more intensive psychotherapy plus the use 


of the tranquilizers. Psychoses are treated 
in the appropriate fashion by the psychiatrist. 

Denial of Disability: This condition poses a 
contradictory problem. On the one hand, it 
may seriously interfere with rehabilitation 
which demands a recognition of the disability 
and an understanding of the various procedures; 
on the other hand, it is an important defense of 
the ego, a crutch so to speak, without which the 
patient may be overwhelmed by depression and 
anxiety. Resolution of this paradox depends 
on a careful evaluation of the patient’s status 
and resources. In cases of complete denial 
attempts at suggestion or logical argument are 
futile. Gross attempts to break through the 
denial may precipitate an acute psychiatric 
emergency. Rather than attempting to deal 
with the denial directly the patient should be 
treated for his physical disability. Every effort 
should be made to engage the patient in re- 
habilitation procedures which are introduced 
gently and slowly. Time and milieu will be- 
come effective slowly if at all. When denial is 
implicit and there is considerable emotional 
lability tranquilizers and psychotherapy are 
used. 

Personality Problems: The management of 
personality problems is most difficult and 
is the cause of considerable guilt and conflict 
in the family. Too often the patient is whisked 
off to a mental hospital’? or to a nursing home 
where he deteriorates rapidly. On the other 
hand, the lapses of memory, the disturbed judg- 
ment, the loss of habits and cleanliness, the 
paranoid or domineering behavior may be 
literally more than a family can manage so 
that some disposition is essential. 

We know that the changes observed are due 
not only to physical and biologic factors but 
also to psychosocial ones. The loss of status, 
the loneliness, inactivity and boredom give 
rise to many of the disturbances which are ob- 
served in the elderly. Active social rehabilita- 
tion measures can effect marked changes in 
behavior and even serve as a_ prophylactic 
against senility. The experience of ‘Golden 
Age” clubs bears this out." 

Every effort should be made to care for the 
patient at home. Even in the presence of gross 
disturbances such as the delusions, manage- 
ment can be effected at home. 

Whether treated at home or in a nursing home 
or in a hospital a carefully regulated mode of 
life is required. An agreeable occupation 
should be continued as long as possible provided 
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it does not carry with it burdensome physical 
labor or mental tasks. Social and recreational 
opportunities are necessary. 

Of equal importance is the understanding and 
cooperation of the family, which may require 
group education and psychotherapy. The pa- 
tient with cerebral vascular disease is particu- 
larly dependent on acceptance by the family, 
and the family, too, needs understanding and 
help in dealing with what usually is a trying 
emotional and physical problem. As in dis- 
abled children, motivation of the elderly, dis- 
abled patient is derived in large part from the 
family. Rejection is intolerable. 

Aphasia: Finally, a word about aphasia, 
a particularly devastating result of cerebral 
vascular disease. Lee et al.," in 230 patients, 
noted this disorder in ninety-five or 41.4 per 
cent. They noted improvement in only 35.3 
per cent of their total group. Marks, Taylor 
and Rusk" reported about 50 per cent improve- 
ment, statistic analysis indicating improvement 
beyond that anticipated by spontaneous resti- 
tution. The psychologic reactions of aphasic 
patients are generally more intense, especially 
in those patients who have depended on mental 
activity and verbal communication for their 
livelihood. ‘The sense of frustration is enormous 
and tension may reach explosive proportions. 
Inability to communicate verbally or to under- 
stand, and when apraxia exists to write, make 
the usual modes of psychotherapy impossible. 
And since the results of training in aphasia 
often lead to failure, and when improvement 
occurs it requires long and patient effort, the 
difficulties are compounded. Depressions and 
agitations can be managed with psychopharma- 
cologic agents but our limited experience indi- 
cates that they do not facilitate relearning of 
speech. Group speech therapy has been noted 
to be of some help. These patients require 
more attention than those without aphasia. 


SUMMARY 


1. Psychiatric factors in the precipitation of 
cerebral vascular diseases are reviewed. A 
physiologic basis for the effect of emotional 
stress on cerebral circulation does exist. How- 
ever, beyond the clinical observation of the 
temporal association between such stress and 
the onset of acute cerebral vascular disease in 
individual cases, no other type of acceptable 
evidence is available at the present time. 
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2. Psychiatric consequences of cerebral vas- 
cular diseases are described. Theoretical con- 
siderations are discussed; clinical problems 
associated with disturbances of intellectual 
functions, depression, anxiety, denial of illness 
and personality changes are presented. 

3. Management of these clinical problems 
is suggested. These include milieu therapy as 
well as the traditional modes of psychotherapy 
and pharmacotherapy. 
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Clinical Studies 


The Effect of Guanethidine in the Treatment 
of Hypertension 


A Study of Twenty-Five Patients” 


MaAuDE STEVENSON, M.D., NELSON GOODMAN, M.D., Davip FINKELSTEIN, M.D., F.A.c.c. and SAMUEL 
BELLET, M.D., F.A.C.C. 


Philadelphia, Pennsylvania 


E GANGLIONIC BLOCKING agents have been 
i hy valuable adjunct in the treatment of hy- 
pertension which does not respond satisfactorily 
to the administration of less potent antihyper- 
tensive drugs. The untoward effects associated 
with parasympathetic blockade, however, have 
limited their usefulness in many patients with 
severe hypertension. 

Guanethidine (SU-5864)t, one of a group 
of compounds synthesized by Mull and co- 
workers,! was demonstrated to have a blood 
pressure lowering effect in hypertensive dogs 
with renal and neurogenic disease.2~* These 
hypotensive effects are marked and prolonged 
following a single intravenous dose; similar 
results have been obtained after oral admin- 
istration. More recently it has been demon- 
strated’ that guanethidine depletes the nor- 
epinephrine level in the hearts of rabbits and 
cats. It is believed that a similar effect takes 
place in the arteriolar wall; a depletion of 
norepinephrine at this site results in marked 
reduction in blood pressure without parasym- 
pathetic blockade. Recent investigations in 
human patients using guanethidine have n- 
dicated that it is an antihypertensive agent of 
considerable promise.*®.” 

The purpose of this study is to report our 
experience with twenty-five outpatients treated 
with guanethidine as the sole antihypertensive 
agent for periods ranging from six to twenty 
weeks. All of these patients had chronic hyper- 
tension and were referred for study after having 
been previously followed from several weeks to 


{t This drug was supplied by Ciba Pharmaceutical 
Products, Inc., Summit, New Jersey. 


several years in the outpatient clinics of the 
Philadelphia General Hospital. 


MATERIAL AND METHODS 


Twenty-five patients with persistent diastolic hyper- 
tension were selected for study; fifteen were women 
and ten were men. Their ages ranged from thirty-one 
to seventy-three years; the average age was fifty-five 
years. The average known duration of the hyper- 
tension prior to treatment was five and a half years. 
Of these, twenty patients had essential hypertension, 
one had hypertension secondary to toxemia of preg- 
nancy and four had hypertension associated with 
chronic pyelonephritis. Recumbent blood pressures 
taken after other hypotensive medication had been 
discontinued for a period of at least two weeks were 
accepted as a baseline. These pressures ranged 
from 160 to 294 mm. Hg systolic and 100 to 160 mm. 
Hg diastolic; the mean systolic was 204 and the 
mean diastolic, 120 mm. Hg. Twelve patients had a 
diastolic pressure of 120 mm. Hg or greater, and 
thirteen had diastolic pressures between 100 and 
120 mm. Hg prior totreatment. All patients had pre- 
liminary clinical examinations and laboratory studies 
which included roentgenogram of the chest, electro- 
cardiogram, urinalysis, blood urea nitrogen, phenol- 
sulfonphthalein and Fishberg concentration test as 
well as complete blood counts and liver function 
studies. When indicated, intravenous and retro- 
grade pyelography were performed. These tests 
were repeated at the completion of this study. 

Depending on the basal blood pressure reading, an 
initial dose of 10 to 25 mg. of guanethidine was ad- 
ministered daily by mouth. The blood pressure was 
recorded weekly and the drug was increased by 10 to 
25 mg. doses until a satisfactory fall in pressure was 
obtained or untoward effects ensued. Because of the 
initial small doses used and the variable responses to 
treatment, at least six weeks were required for an 


* From the Division of Cardiology, Philadelphia General Hospital, Philadelphia, Pennsylvania. This work was 
aided by a grant from the U. S. Public Health Service [H 141 (C-9)]. 
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Fic. 1. Salutary effect of guanethidine in reducing 


the blood pressure in a fifty-seven year old woman (Case 
4) with moderately severe hypertension. In this and 
the following figures the dotted line connects points 
representing the blood pressures in the erect position; 
the solid line, points representing supine pressures. 
Blood pressure has been plotted along the ordinate and 
weeks of study along the abscissa. 


adequate dosage level and a satisfactory blood pres- 
sure response to be attained in many patients. There- 
fore, only those patients followed for a minimum 
period of six weeks were included in this report. 


RESULTS 


There was a fall in blood pressure in response 
to guanethidine ‘in all twenty-five patients. 
This effect was more marked in the erect than 
the recumbent position (Table 1). This is 
similar to findings previously reported.*7 
The pressures fell an average of 22 mm. Hg 
systolic and 14 mm. Hg diastolic in the recum- 
bent and 49 mm. Hg systolic and 24 mm. Hg 
diastolic in the erect position. There was no 
clear correlation between the initial blood pres- 
sure reading and the daily maintenance dose of 
the drug required to control the blood pressure. 
This maintenance dose varied from 5 to 200 
mg. daily (average 80 mg.) and was adminis- 
tered either as a single dose or divided into two 
daily doses. Ten patients required from 10 to 
50 mg. daily; five patients more than 50 mg. 
but less than 100 mg.; and ten patients, 100 
to 175 mg. daily to maintain satisfactory blood 
pressure levels. 

Postural hypotensive effects were noted as early 
as seventy-two hours after an effective dose and 
became troublesome if the dose was rapidly 
increased. The response to even a small in- 
crement in dosage could not be predicted. 
For example, case 4, a patient with moderately 
severe hypertension, manifested relatively fixed 
blood pressure over a wide range of doses 
(Fig. 1); then, a 25 mg. increment in daily 
dose resulted in symptoms of postural hypo- 
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Fic. 2. Illustrates the effect of guanethidine in a pa- 
tient (Case 2) with mild hypertension, generalized 
arteriosclerosis and chronic congestive heart failure. 


tension. Case 2 (Fig. 2), a fifty-nine year old 
man with mild hypertension, had a minimal 
response to 5 mg. of guanethidine daily but 
severe postural hypotension developed when 
the dose was increased to only 10 mg. daily. 
The patient became very dizzy on standing, and 
the dose was reduced again at the seventh 
week to 5 mg. As the erect pressures began to 
rise another attempt to increase to 10 mg. daily 
at the tenth week was again followed by a severe 
drop in the erect pressure associated with syncope 
with essentially no change in the supine pres- 
sure. The erect pressures then rose slowly 
when the dose was decreased until a more 
marked increase in pressures occurred fairly 
rapidly between the seventeenth and nineteenth 
weeks. Dizziness on first arising in the morning 
and on standing was complained of by fourteen 
patients at some time during the course of treat- 
ment. In the majority of patients this was mild 
and was eliminated by lowering the dose. The 
action of the guanethidine was prolonged, a 
postural hypotensive effect being observed 
for periods up to five days after the drug was 
discontinued. Even more prolonged effects 
have been reported by others.‘ 

The blood pressure changes at the end of the 
treatment period when taken in the recumbent 
position were not statistically significant. The 
mean systolic pressure dropped to 90.6 mm. Hg 
+ 12.5 per cent of the control values; the mean 
diastolic pressure dropped to 89.4 + 9.2 per 
cent of the control values. The blood pressure 
changes when taken in the erect position were 
statistically significant. The mean systolic pres- 
sure was 77.6 + 9.9 per cent of the control 
values; the mean diastolic pressure fell to 80.7 
+ 10.7 per cent of the control values. The 
lowest erect blood pressure recorded during ther- 
apy was highly significant. The systolic pressure 
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388 Stevenson et al. 
TABLE I 
Effects of Guanethidine on Twenty-Five Patients with Hypertension 
Blood 
Known Duration Pressure Duration of 
Case No. Age Sex Diagnosis of Hypertension before Treatment 
(Years) Therapy (Weeks) 
(mm. Hg) 
1 60 Female HCVDt 13 180/106 15 
2 59 Male CPt 6 160/100 14 
3 58 Male HCVD 6 months 220/140 12 
4 57 Female HCVD 10 210/140 19 
5 58 Male CP 5 180/120 8 
6 58 Female HCVD 15 195/100 12 
7 54 Male CP 4 185/125 16 
8 46 Male HCVD oes 230/150 28 
9 55 Female HCVD 9 210/120 14 
10 49 Female CP 13 260/160 15 
11 63 Male HCVD 4 months 220/130 17 
12 71 Female HCVD 20 200/100 12 
13 31 Female HCVD 2 months 186/130 8 
14 60 Female HCVD 2 220/100 8 
15 64 Female HCVD 2 218/116 10 
16 49 Female HCVD 1 month 185/116 12 
17 73 Female HCVD 4 294/112 12 
18 57 Male HCVD 2 230/130 ci 
19 37 Male HCVD 3 180/115 9 
20 59 Female HCVD 4 180/117 11 
21 44 Male HCVD y 4 180/108 9 
22 34 Female HCVD 3 180/112 11 
(toxemia) 

23 54 Female HCVD 10 160/118 8 
24 65 Female HCVD 6 months 235/120 i3 
25 48 Male HCVD 3 170/120 6 
Average 55 §.5 204/120 12 


* In order to indicate the efficacy of guanethidine in reducing the blood pressure recorded in a standing position 
the lowest recorded value is included in the table. In many instances the symptoms accompanying the postural hypo- 
tension made it advisable to decrease the dose of guanethidine. This is reflected in the higher blood pressures recorded 
at the end of therapy. In some cases the recorded values do not reflect the maximum reduction in pressure because 


was 71.3 mm. Hg + 10.5 per cent of the con- 
trol values and the diastolic pressure fell to 75.0 
+ 9.1 per cent of the control values. 

Toxic and Side Effects: The blood counts, liver 
and renal function tests enumerated previously 
were studied during the course of and at the 
end of treatment. The results were unaltered, 
indicating that the drug has no demonstrable 
toxic effects on the parameters studied. Roent- 
genograms of the chest and electrocardiograms 
obtained before and after treatment showed no 
essential change. In all cases the pulse rate fell 
an average of 16 to 20 beats per minute. In 
one patient with marked impairment of renal 
function the level of blood urea nitrogen rose 
in spite of cautious lowering of blood pressure. 


This later fell below the initial level, suggesting 
a renal hemodynamic readjustment. Further 
cautious lowering of blood pressure in this pa- 
tient was then obtained. On the basis of this 
experience and that of Richardson and Wyso,° 
it appears that when impairment of renal func- 
tion is marked, extreme caution must be exer- 
cised in the use of this drug to avoid renal 
decompensation. Gastrointestinal symptoms 
were relatively mild; nausea or vomiting oc- 
curred in four patients and diarrhea in two. 
No other side effects were noted. The accum- 
ulation of edema fluid during treatment with 
guanethidine has been previously described,’ 
but this was not noted in the cases in our 
series. 
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TABLE 1 Continued 


Final Daily Blood Pressure at End of Treatment Lowest Erect 
Maintenance Period Blood Pressure* 
Dose of (mm. Hg) Recorded during Toxic Effects 
Guanethidine Therapy 
(mg. ) Recumbent Erect (mm. Hg) 
60 180/104 160/94 126/86 None 
10 156/90 106/70 110/60 Dizziness 
37.5 160/114 142/108 136/94 None 
125 178/108 158/100 132/100 Nausea, diarrhea, dizziness 
25 170/110 164/110 150/100 Dizziness 
20 175/90 155/88 120/74 Dizziness 
100 164/106 140/92 140/92 Nausea 
75 210/130 170/94 136/84 Nausea 
150 164/100 150/94 150/94 Dizziness 
125 156/94 150/90 142/90 Dizziness 
175 198/110 148/86 148/86 None 
10 176/96 152/94 146/80 Nausea, dizziness 
125 170/118 } 164/110 136/88 Dizziness 
100 214/96 180/86 168/86 Diarrhea 
75 186/96 146/84 150/86 None 
75 180/110 158/110 158/100 Dizziness 
$7.5 280/125 220/108 140/70 Dizziness 
75 180/120 176/112 144/90 Dizziness 
75 150/95 140/95 140/95 None 
25 180/110 155/95 150/85 Dizziness 
50 170/105 150/100 140/95 None 
150 - 180/105 140/100 140/100 Dizziness 
50 205/115 160/100 160/100 None 
100 180/100 140/80 140/80 Dizziness 
50 180/115 160/110 140/105 None 
80 182/106 155/96 143/89 


the patients were advised to discontinue or reduce their medication if severe symptoms occurred. By the time of 
their visits to the outpatient clinic, the blood pressures recorded in the standing position had frequently increased to 


the point where symptoms were no longer present. 


t HCVD =hypertensive cardiovascular disease; { CP=chronic pyelonephritis. 


COMMENTS 

Mechanism of Action: Guanethidine mani- 
fests a definite hypotensive action. The mech- 
anism of blood pressure reduction is incom- 
pletely understood but pharmacologic studies 
in the dog have indicated that the locus of ac- 
tion is probably at peripheral sympathetic 
receptor sites. 

Burn and Rand® have suggested that “‘sym- 
pathomimetic amines may be divided into 
two classes,” one class consisting of substances 
like norepinephrine, epinephrine and neosyne- 
phrine which act on vessel walls directly, causing 
a pressor response which is enhanced in animals 
pretreated with reserpine; the second group 
of substances, including tyramine, ephedrine 
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and amphetamine, are ineffective in produc- 
ing a vasopressor response in animals treated 
with reserpine. Since there is evidence that 
reserpine may deplete stores of norepinephrine 
in vessel walls, the first group of substances which 
act directly on the arteriolar wall is presum- 
ably more effective if the few receptor sites 
normally occupied by resting levels of norepine- 
phrine are freed of this hormone by reserpine 
and can be stimulated anew. The second group 
of substances is thought to produce sympatho- 
mimetic effects by facilitating the release or 
action of norepinephrine at end organ sites. 
These substances cannot produce such effects 
if the wall is depleted of norepinephrine. 

It has been similarly demonstrated by Page 
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Fic. 3. This sixty-five year old man (Case 11) with 
moderately severe hypertension had a gradual fall in 
erect and supine pressures with increasing doses of 
guanethidine (first to tenth weeks). 


and Dustan‘ that the pressor response to norep- 
inephrine, angiotensin, vasopressin and metar- 
aminol is augmented by prior administration of 
guanethidine and the response to tyramine, 
amphetamine, mephentermine and ephedrine 
is reduced. They have noted the resemblance 
of these effects to those described with reserpine 
and have further observed a _ reserpine-like 
quieting effect of intravenous guanethidine in 
dogs. It has been demonstrated also that al- 
though it abolishes the carotid sinus pressor 
reflex, guanethidine does not affect parasym- 
pathetic efferent transmission and postgang- 
lionic sympathetic action potentials. These 
observations have led previous investigators to 
conclude that the hypotensive action of guane- 
thidine is similar to that of reserpine in block- 
ing either the release, action or distribution of 
norepinephrine at peripheral sympathetic end 
organs.*4 

Hemodynamic Effects: With regard to the hemo- 
dynamic aspects of blood pressure reduction, 
Richardson and Wyso® observed that in some 
of their patients treated with guanethidine 
there was a reduction in glomerular filtration 
rate and renal plasma flow and a rise in blood 
urea nitrogen, especially if azotemia was pres- 
ent prior to treatment. These authors also 
noted a fall in cardiac output of about 10 per 
cent in the supine position and 20 per cent in 
the erect position, associated with reduction in 
blood pressures and attributed to venous pooling 
in the legs. 

Development of Tolerance: Cuanethidine has 
an advantage over the ganglionic blocking 
agents in that symptoms of constipation, dry 


mouth, urinary retention and pupillary changes 
are not observed. The optimum dosage of the 
drug, however, is difficult to ascertain because 
of marked individual variations in response. 
In all but mild degrees of hypertension, toler- 
ance appears to develop to a dose which initially 
produced a satisfactory hypotensive effect, 
necessitating further increase in dosage. The 
development of such tolerance is illustrated 
by Case 11 (Fig. 3), a patient who had a 
satisfactory response to 150 mg. of guanethidine 
daily but gradually had an increase in blood 
pressure over the ensuing six weeks until a 
further increment in dosage was necessary. 
If the dose is increased rapidly, however, symp- 
toms of postural hypotension become trouble- 
some and slow gradual increases necessitate 
frequent visits to the outpatient clinic. 

Clinical Applications: Because of the marked 
variation in the dose required for effective 
reduction of blood pressure, the unpredictability 
of an increment in dose, the severe postural 
hypotensive effect and the apparent develop- 
ment of tolerance, guanethidine seems to have 
little place in the treatment of patients with 
mild hypertension because more satisfactory 
drugs are available. Chlorothiazide, reserpine 
and their analogues have proved effective in 
lowering the pressure in this group of patients 
with relatively few serious side effects. Guane- 
thidine seems to act similarly to reserpine but 
manifests a greater peripheral and relatively less 
central hypotensive effect. It would seem in- 
advisable to use guanethidine as the initial form 
of therapy in previously untreated patients with 
hypertension. It should probably not be used 
alone in therapy. The aforementioned regi- 
men would eliminate the need for the ganglionic 
blocking agents in therapy. It would appear 
from our own experience and that of others that 
guanethidine has a role in the treatment of 
patients with more severe hypertension who do 
not respond to the rauwolfia derivatives and 
chlorothiazides alone. In the latter group it 
would seem advisable to add guanethidine in 
small and gradually increasing doses to the 
chlorothiazides instead of and occasionally in 
addition to reserpine. 

It should be stated that because of the rela- 
tively small group of patients investigated, our 
views are to be considered tentative and may 
be subject to revision as larger series are studied. 
Studies are now in progress on the use of guane- 
thidine in combination with other forms of 
antihypertensive therapy. 
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SUMMARY 


Twenty-five patients with chronic hyper- 
tension have been treated with guanethidine 
for periods ranging from six to eight weeks. 
The blood pressures fell an average of 22 mm. 
Hg systolic and 14 mm. Hg diastolic in the re- 
cumbent and 49 mm. Hg systolic and 24 mm. 
Hg diastolic in the erect position. The hypo- 
tensive action of the drug appears to be similar 
to that of reserpine in blocking either the release, 
action or distribution of norepinephrine at 
sympathetic end organs. The maintenance 
dose has ranged from 5 to 175 mg. daily; there 
has been marked variation between subjects in 
their response to a given dose. Occasionally 
tolerance seemed to develop. Postural hypo- 
tension was observed in all patients. Dizziness 
on standing was noted in fourteen patients, 
nausea or vomiting in four and diarrhea in 
two. Guanethidine has the advantage over the 
ganglionic blocking agents in that parasym- 
patholytic effects are not observed. 

It is concluded that guanethidine may be a 
useful supplement to other hypotensive agents 
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but has little place in the treatment of hyper- 
tension when used alone. 
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The Hypotensive Effects of Chlorothiazide 
and Hydrochlorothiazide 


A Critical Comparison* 


J. Marion Bryant, M.D., NATALIO SCHVARTZ, M.D., MARIA ROQUE, M.D., LUCIAN FLETCHER, M.D., 
HARRISON FERTIG, M.D. and Davin P. LAULER, M.D. 


New York, New York 


SIMPLE, practical method has been devised 
for evaluating the relative effectiveness of 
antihypertensive drugs already available as 
well as those undergoing clinical investigation. 
The recent upsurge of clinical interest in the 
hypotensive effect of the sulfonamide derivatives 
in hypertensive states of various etiologies!—‘ 
provided an opportunity to utilize this method of 
evaluation. 

This report concerns a comparative study of 
the hypotensive effects of chlorothiazide and 
hydrochlorothiazide with and without reserpine 
in a group of seventy-eight ambulatory hyper- 
tensive patients. Reserpine was used for vary- 
ing evaluation periods for six and a half years, 
chlorothiazide for three years and hydrochloro- 
thiazide for two years. A large patient popula- 
tion initially observed during prolonged control 
and treatment periods with various antihyper- 
tensive agents was utilized. ‘The data accumu- 
lated provide factual evidence of the relative 
effectiveness of the agents used. 


MATERIAL 


Seventy-eight ambulatory hypertensive patients 
were studied. These patients were followed from 
one to six years with multiple control periods of four 
to twenty-four months. During this time there were 
many periods of treatment with various antihyper- 
tensive drugs and drug combinations. The patients 
ranged in age from thirty-six to seventy-nine years 
with an average of fifty-eight (S.D. + 10)f years. 


¢ + signifies 1 standard deviation (S.D.). ‘‘Signifi- 
cant” and “‘probably significant” as used in this paper 
are defined as p (probability) value of p < 0.01 and 
< 0.025, respectively. 


Forty-five were women and thirty-three were men. 
The known duration of hypertension was from one to 
twenty-six years with an average of 9.9 (+6.4) years. 

The subjects were largely asymptomatic insofar as 
the so-called classical symptoms of hypertension were 
concerned (headache, dizziness, etc.). This lack of 
symptoms was characteristic of this particular hyper- 
tension clinic population. Approximately 10 per 
cent had manifestations of mild to moderate chronic 
congestive heart failure. A lesser percentage had a 
past history consistent with minor cerebrovascular 
accidents or myocardial infarcts. None had evidence 
of gross renal insufficiency, as judged by serial blood 
creatinine determinations and urine analyses. 

The average blood pressure of the entire group of 
seventy-eight patients at the time of their initial 
visit to the hypertension clinic was 200 (+30) mm. 
Hg systolic and 111 (+15) mm. Hg diastolic. 
Following an average control period of five (+4) 
months the average blood pressure (designated as 
“final control’ in Table 1) was 191 (+30) mm. Hg 
systolic and 109 (+16) diastolic, representing a fall 
of 9 mm. Hg systolic and 2 mm. Hg diastolic, preced- 
ing initiation of specific therapy. Thus, as a group 
following control adaptation to clinic environment, 
these seventy-eight patients represented a stable 
hypertensive state. : 


METHOD 


The blood pressures reported are the averages of 
the first nonresting recumbent values. Sitting and 
standing observations were recorded but are not in- 
cluded in this report. The final control values 
(Tables 1 and m) are the averages for the last clinic 
visit of seventy-eight patients (or smaller groupings 
from the total of seventy-eight) and are those of 
specific periods of treatment. Variation of blood 
pressure during the control period was determined by 


* From the Department of Medicine, New York University Post-Graduate Medical School and the Hypertensive 
Study Group, 4th (New York University) Medical Division, Bellevue Hospital, New York, New York. This study 
was aided by grants from Ciba Pharmaceutical Products, Inc.; Merck, Sharp & Dohme, Eli Lilly & Co.; Wyeth 
Laboratories, Inc.; Sterling Drug Co. and Geigy Pharmaceuticals. 
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TABLE I 


Average Blood Pressure Values (+1 S.D.) for Five Observation Periods with Three Groupings (A, B, C) of Long Term 
Hypertensive Patients 


Chlorothiazide and Hydrochlorothiazide 


393 


Factors 


B 


Hydrochloro- 
thiazide 


Chlorothiazide 


Hydrochloro- 
thiazide and 
Reserpine 


No. of patients 

Age (yr.) 

Duration H.B.P. 
(yr.) 

Control period 
(mo. ) 


Hg) 


Prefinal control 
B.P. 


Final control B.P. 


Control B.P. 
change 
Drug period B.P. 


Drug change in 
B.P. 

No. of patients 
without systolic 
reduction 

No. of patients 
without diastolic 
reduction 

Duration of treat- 

ment (mo. ) 


Original B.P. (mm. 


No Therapy Chlorothiazide 
78 47 
58 (+10) 58 (+5) 
9.9 (46.4) 10.5 (+6.8) 
5 (+4) 4.5 (+3) 
200/111 201/112 
(+30/+15) (+27/+17) 
187/108 185/109 
(+33/415) (+31/+18) 
191/109 189/109 
(+30/+16) (+31/+15) 
3/1 4/0 
171/102 
(+28/+13) 
—18/-—7 
13 (27%) 
17 (36%) 
2.2 (+2.3) 


47 
58 (+5) 


10.5 (+6.8) 
4.5 (+3) 


201/112 
(+27/+17) 


185/109 
(+27/+18) 

189/109 
(+31/+15) 

4/0 

159/97 
(429/415) 


—30/—12 


6 (13%) 


8 (17%) 
1.8 (+0.4) 


26 
59 (+13) 


12.1 (7.5) 
4.7 (+3.4) 


208/114 
(+18/+20) 


200/112 
(+30/+18) 

192/109 
(+31/+19) 

8/3 

170/96 
(+33/+17) 


—22/—13 
5 (19%) 


2 (8%) 
6.2 (+4.4) 


26 
59 (+13) 


12.1 (+7.5) 


4.7 (+3.4) 


208/114 
(+18/+20) 


200/112 
(+30/+18) 

192/109 
(+31/+19) 


8/3 
161/92 
(+31/+15) 


—31/—17 


5 (19%) 


3 (12%) 
2.3 (+2.9) 


Tables 1 and m). 


months; 


months. 
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comparing the final control values described above 
with the average value recorded at the clinic prior to 
the last visit (designated as the “prefinal control” in 


The average periods of treatment ranged from one 
to twelve months. The blood pressure values repre- 
senting the drug periods are averages of those of all 
patients, obtained at the last clinic visit while the 
patients were receiving a specific drug. The change 
in blood pressure for a drug period is the difference 
between the average for the reading of all patients 
of a specific grouping at the last clinic visit and the 
average of the final control value. 

Chlorothiazide was administered in dosages of 250 
mg. three times daily for periods of one to fifteen 
chlorothiazide-reserpine in doses of 250 
mg. and 0.125 mg., respectively, three times a day 
for one to twelve months; hydrochlorothiazide 25 
mg. three times daily for one to five months and 
hydrochlorothiazide-reserpine 25 mg. and 0.1 mg, 
respectively, three times daily for one to eight 


If a hypotensive response occurred during a period 
of treatment the patients were thereafter placed on a 
control period during which a placebo was ad- 
ministered until the blood pressure returned to levels 


similar to those of the control. 


control periods ranged from one to three months in 


Average Blood Pressure Values in Four Observation 
Periods with the Same Hypertensive Patients 


TABLE I 


These subsidiary 


Chloro- Hydro- 
Chloro- |  thiazide chlorothia- 
thiazide and thiazide zide and 
Reserpine Reserpine 
Original B.P. 208/117 208/117 208/117 208/117 
Prefinal control 
B.P. 194/113 194/113 194/113 194/113 
Final control B.P.| 190/111 190/111 190/111 190/111 
Control change 4/2 4/2 4/2 4/2 
Drug period B.P.| 179/104 165/98 162/100 155/92 
Drug change —11/—7 | —25/—13 | —28/—11 | —35/—19 
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duration. If no hypotensive response was noted, a 
control period was not interposed between periods of 
treatment. 


RESULTS 


Control blood pressures are contained in 
Tables 1 and 11. The variation between the 
average blood pressure recorded at the last 
visit (final control) and the previous visit 
(prefinal control) for the entire seventy-eight 
patients was 3 mm. Hg systolic and 1 mm. Hg 
diastolic. The greatest variation during the 
control period for special groupings of patients 
treated with a single drug or combination of 
drugs was 8 mm. Hg systolic and 3 mm. Hg 
diastolic. 

Chlorothiazide versus Hydrochlorothiazide: Forty- 
seven patients were treated for comparable 
periods with chlorothiazide and hydrochloro- 
thiazide (Table 1). From an average control 
value of 189 (+31) mm. Hg systolic and 109 
(+15) mm. Hg diastolic, a blood pressure re- 
duction of 18 mm. Hg systolic and 7 mm. Hg 
diastolic was recorded with chlorothiazide 
and the reduction was 30 mm. Hg systolic and 
12 mm. Hg diastolic with hydrochlorothiazide. 
Thus, the decrements showed a statistically sig- 
nificant reduction with both drugs. Hydro- 
chlorothiazide, when statistically compared with 
chlorothiazide given to the same _ patients 
produced a greater statistically significant 
reduction in systolic blood pressure, but the 
difference in the average diastolic blood pres- 
sure was not statistically significant. 

Chlorothiazide-Reserpine versus Hydrochlorothiazide- 
Reserpine: ‘Twenty-six patients were evaluated 
with combinations of chlorothiazide-reserpine 
and hydrochlorothiazide-reserpine for periods 
of six and two months, respectively.. These 
twenty-six patients were those who had not 
shown a definite response to either chlorothia- 
zide or hydrochlorothiazide. 

With chlorothiazide-reserpine, blood pressure 
reduction from a control value of 192 (+31) 
mm. Hg systolic and 109 (+19) mm. Hg 
diastolic in decrements of 22 mm. Hg systolic 
and 13 mm. Hg diastolic was noted. With 
hydrochlorothiazide-reserpine, the reduction 
was 31 mm. Hg systolic and 17 mm. Hg diastolic. 
The decrement in the average systolic blood 
pressure was statistically significant while that 
of the average diastolic blood pressure was 
probably of some significance (Table 1). 

The change in the average blood pressure 
with chlorothiazide-reserpine in this group 


of twenty-six patients was similar at the end of 
two months of treatment to that reported previ- 
ously at the end of an average treatment period of 
six months. 

Chlorothiazide versus Hydrochlorothiazide with and 
without Reserpine: Nineteen patients were eval- 
uated during separate periods while receiving 
chlorothiazide alone, chlorothiazide with reser- 
pine, hydrochlorothiazide alone and hydrochlor- 
othiazide with reserpine (Table 1). Thus, the 
blood pressure effects of each of these forms of 
therapy were evaluated relative to the same com- 
mon baseline. 

The average blood pressure values of these 
nineteen patients at their first clinic visit was 
208 mm. Hg systolic and 117 mm. Hg diastolic. 
The change from the original to the final con- 
trol value was a reduction of 18 mm. Hg systolic 
and 6 mm. Hg diastolic. The fluctuation 
between the final control and the prefinal 
control was 4 mm. Hg systolic and 2 mm. Hg 
diastolic. The reduction with chlorothiazide 
was 11 mm. Hg systolic and 7 mm. Hg dias- 
tolic; with chlorothiazide-reserpine, 25 mm. 
Hg systolic and 13 mm. Hg diastolic; with 
hydrochlorothiazide, 28 mm. Hg systolic and 
11 mm. Hg diastolic; and with hydrochloro- 
thiazide-reserpine 35 mm. Hg systolic and 19 
mm. Hg diastolic. Thus, in these nineteen 
patients a_ significnt reduction in_ systolic 
pressure occurred with each drug singly and in 
combination while a probably significant di- 
astolic decrement was observed. 

Side Effects: Weight gains occurred in the 
majority of patients when reserpine was ad- 
ministered. The appetite-stimulating influence 
of reserpine was the outstanding effect encoun- 
tered. In the patient with normal weight or 
obesity, this was considered undesirable. The 
discomfort of reserpine-induced nasal congestion 
was the second most frequent side effect. 
It was encountered in approximately 9 per cent 
of the patients treated with this drug. A 
similar observation was reported in a previous 
study from this clinic.* 

Both chlorothiazide and hydrochlorothiazide 
produced symptoms of indigestion in a few 
patients. This effect was noted most frequently 
when the initial daily dose of the drug was large. 
However, when the drug was discontinued for 
a week and restarted in smaller amounts and 
gradually increased to a maximum of 750 mg. 
of chlorothiazide or 75 mg. of hydrochlorothia- 
zide a day, indigestion reappeared less fre- 
quently. A nonspecific type of dermatitis de- 
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veloped in one patient with chlorothiazide and 
hydrochlorothiazide. No instance of hypokal- 
iemia requiring replacement measures was 
encountered. 


COMMENTS 


The data suggest that this technic serves a§ 
a reliable means for establishing the presence 
of hypotensive effect of the agents employed 
and also permits an accurate and practical 
means for comparing the relative antihyperten- 
sive qualities of such agents, singly or in com- 
bination. 

Chlorothiazide alone in the stated dosage 
has a mild but definite hypotensive effect in 
hypertensive subjects which is augmented by 
the addition of reserpine whereas reserpine 
alone is not as effective.6 The same patients 
first received chlorothiazide with o: without 
reserpine and later hydrochlorothazide with 
or without reserpine. In the dosages employed 
hydrochlorothiazide therapy was accompanied 
by a greater hypotensive effect. 

Twelve years ago Bryant and Blecha® re- 
ported the hypotensive effects of dietary sodium 
restriction. The natriuretic action of the 
sulfonamide drugs is well documented. There- 
fore, it is logical to postulate that these drugs 
may accomplish their hypotensive effect by the 
same mechanism, i.e., relative sodium deple- 
tion. 

When the ‘‘-thiazides’’ were used, undesir- 
able side effects were infrequent and, when 
present, were of a mild degree. Since a similar 
infrequency of side effects was not observed 
with reserpine, it is suggested that sulfonamide 
drugs be used initially in the treatment of 
hypertension. 


CONCLUSIONS 


1. Chlorothiazide and hydrochlorothiazide 
with and without reserpine demonstrate a 
statistically significant hypotensive effect. 

2. Hydrochlorothiazide in doses of 75 mg. 
a day has a greater hypotensive effect than 
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chlorothiazide in dosages of 750 mg. a day. 

3. In a comparative study of nineteen 
patients, a significant reduction in systolic 
pressure and a possibly significant reduction in 
diastolic pressure accompanies the addition 
of reserpine to chlorothiazide and hydrochloro- 
thiazide. 

4. Observations with chlorothiazide for three 
years and hydrochlorothiazide for two years 
in the treatment of hypertension have demon- 
strated fewer side effects than noted with 
reserpine. 

5. It is suggested that antihypertensive 
therapy be initiated with hydrochlorothiazide 
rather than reserpine and that reserpine be 
added only if satisfactory hypotensive effects 
are not achieved with hydrochlorothiazide 
alone. 

6. Side effects, such as indigestion and elec- 
trolyte disturbances, that infrequently ac- 
company ‘“‘-thiazide”’ therapy are largely avoided 
when small initial doses are employed (i.e., 
25 mg. hydrochlorothiazide a day) and gradu- 
ally increased to maximal amounts. 
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IS paper reports our observations on the 
diuretic effect of hydrochlorothiazidet in 
patients with fluid retention and compares 
relative potency of this preparation with that 
of chlorothiazide. { 


CLINICAL MATERIAL AND METHODS 


The effect of hydrochlorothiazide has been studied 
in a total of thirty-two patients, twenty-six from the 
clinic or ward population of the House of the Good 
Samaritan and six from the Cape Cod Hospital. 
Their ages ranged from five to seventy-six years with a 
mean of forty-four. Six were males and twenty-six 
were females. Table 1, listing patients according to 
diagnosis and cause of fluid retention, shows all but 
three patients had congestive heart failure. 

The thirty-two patients were observed for a total 
of 2,741 patient-days with a mean of 85.7 days per 
patient. Within this observation period hydrochloro- 
thiazide was administered for a total of 1,949 patient- 
days with a mean of 60.9 days per patient. The dose 
ranged from 25 to 200 mg. daily. Most patients re- 
ceived 100 to 150 mg. per day in divided doses. 
Ambulatory Patients: Twenty-six patients were 
examined weekly on an out-patient basis to evaluate 
their congestive heart failure. Special forms record- 
ing history, physical findings and laboratory data 
were completed each time. In addition, each patient 
was asked to collect, measure and record the daily 
urine output on a specially prepared sheet. About 
half of the patients cooperated in this task with a 
high order of accuracy well corroborated by changes 
in weight. Body weight and average daily urine out- 
put, when available, were the chief measures of the 
degree of fluid retention. 

Plan of Diuretic Administration: Because most of 
the ambulatory patients suffered from severe conges- 
tive failure and lived at some distance from the hos- 
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pital, it was considered inadvisable to allow them 
even short periods without diuretics. Therefore, a 
comparison between periods on hydrochlorothiazide 
and diuretic-free periods could not be made. How- 
ever, by substituting hydrochlorothiazide for other 
oral diuretics, which the patients were already tak- 
ing, a comparison could be made between hydro- 
chlorothiazide and the other oral diuretics and a 
dose-relationship could be established. To make 
this comparison observations on body weight and 
other data were recorded for consecutive weekly 
periods, and diuretics were administered as follows: 

1. In the first one-week period patients continued 
on their customary regimen, which in all cases in- 
cluded an oral diuretic. This week was designated 
the base-period. 

2. If the regimen of the base-period included 
chlorothiazide, during the second period hydro- 
chlorothiazide was substituted in one-tenth the 
amount without changing any other medication. If 
some oral diuretic other than chlorothiazide (such as 
ammonium chloride or acetazolamide) had been 
given during the base-period, hydrochlorothiazide in 
a dose of 100 mg. per day was substituted during the 
second period. 

3. During the third period the dose of hydro- 
chlorothiazide was either increased or decreased ac- 
cording to the diuretic response in the second period. 

4. During subsequent periods further adjustments 
were often made in the dose of hydrochlorothiazide to 
obtain the optimum dose. At no time, however, was 
the daily amount of this preparation allowed to ex- 
ceed 200 mg. Also during subsequent periods some 
patients on chlorothiazide during the base-period 
were again given this diuretic for further comparisons 
between it and its analog. 

Thus, seventy-three comparisons of hydrochlore- 
thiazide with chlorothiazide were possible in twenty 
patients. In addition, limited data were obtained in 
four patients taking ammonium chloride and in two 
patients on acetazolamide during the base period. 

Other Medication: At the beginning all twenty-six 


* From the House of the Good Samaritan, Children’s Hospital Medical Center, and the Department of Pediatrics, 
Harvard Medical School, Boston, Massachusetts, and the Cape Cod Hospital, Hyannis, Massachusetts. This study 
was supported by a grant from the Merck, Sharp and Dohme Research Laboratories. 
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TABLE I 


Distribution of Patients by Diagnosis and Cause of Fluid 
Retention 


Diagnosis No. of Patients 

Congestive heart failure 29 

Rheumatic valvular disease 23 

Arteriosclerotic heart disease 5 

Hypertensive heart disease 1 
Edema secondary to high dosage ster- 

oid therapy 2 
Lupus erythematosus with renal in- 

volvement 1 

Total 32 


ambulatory patients took digitalis; six received mer- 
curial diuretics by intramuscular injection in addition 
to oral diuretics; and all but two were given supple- 
mentary potassium in the form of potassium chloride 
or orange juice. The dose of these medications re- 
mained constant during the base-period and subse- 
quent periods when hydrochlorothiazide was com- 
pared with chlorothiazide or other oral diuretics. 
After the comparisons were completed, an attempt 
was made to decrease the dose of the mercurial di- 
uretics, digitalis and potassium and to omit these 
drugs entirely in some cases. 

Ward Patients: Six ward patients with fluid reten- 
tion could not be included in the study plan used for 
the twenty-six ambulatory patients but they were 
carefully observed and provided supplementary clini- 
cal data on the diuretic effect of hydrochlorothiazide. 
Three had rheumatic heart disease with severe con- 
gestive failure; two had fluid retention secondary to 
adrenocortical steroid therapy for rheumatic fever; 
and one had lupus erythematosus with renal damage 
and fluid retention. 


RESULTS 


Among the three ward patients with rheu- 
matic heart disease and severe congestive fail- 
ure the diuretic response to hydrochlorothiazide 
was excellent in two and very poor in one. 
One patient with an excellent response was a 
twenty-three year old female who, in spite of 
full digitalization, had considerable edema, 
hepatic congestion and other signs of heart 
failure on admission to the House of the Good 
Samaritan. A single 2 cc. injection of a mer- 
curial diuretic produced an 1,850 cc. urine out- 
put and a 4'/, pound loss of weight within 
twenty-four hours. However, over the next 
three days she voided only an average of 615 
cc. per day and her weight began to increase. 
Hydrochlorothiazide, 150 mg. per day, was 
added to her regimen on the fourth day, and dur- 
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WEIGHT CHANGE (in LBS.) DURING 
HYDROCHLOROTHIAZIDE THERAPY 
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CHLOROTHIAZIDE THERAPY 


Fic. 1. Change in weight during 100 mg. per day of 
hydrochlorothiazide plotted against change in weight 
during administration of 1,000 mg. per day of chlorothia- 
zide. Each drug given for one week. Total of twenty- 
three comparisons in twelve patients. 


ing the next nine days that she took this drug 
the average daily urinary output increased to 
1,640 cc. Within the first three days of hy- 
drochlorothiazide therapy she lost six pounds 
The second 
patient, an eleven year old boy, required mer- 
curial diuretic injections every three days to 
control his severe right-sided heart failure. 
Substitution of 150 mg. of hydrochlorothiazide 
daily for the mercurial injections controlled 
equally well all signs of congestive failure. 
The third patient was refractory to hydro- 
chlorothiazide in doses up to 200 mg. per day. 
She was a twenty-seven year old female with 
far advanced valvular disease and so-called 
intractable edema, which had failed to respond 
previously to other diuretics, including intra- 
muscular mercurial preparations. 

A marked diuretic effect occurred in one of 
the two cases of edema associated with the ad- 
ministration of adrenocortical steroids. This 
patient, a seven year old girl, lost twelve pounds 
within three days during which 50 mg. of hy- 
drochlorothiazide per day were given. In 
the other case the diuretic effect was good but 
less dramatic. The sixth ward patient, a 
sixteen year old girl with disseminated lupus 
erythematosus, renal involvement, edema, and 
serum nonprotein nitrogen of 100 mg. per cent, 
showed no demonstrable diuretic effect. 

Comparison of Hydrochlorothiazide with Chloro- 
thiazide: Data for this comparison came from 
observations on twenty of the twenty-six am- 
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AVERAGE DAILY URINE OUTPUT (in OUNCES) DURING 
CHLOROTHIAZIDE THERAPY 
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AVERAGE DAILY URINE OUTPUT (in OUNCES) DURING 
HYDROCHLOROTHIAZIDE THERAPY 


Fic. 2. Average daily urine output during 100 mg. per 
day of hydrochlorothiazide plotted against average daily 
urine output during administration of 1,000 mg. per day 
of chlorothiazide. Each drug given for one week. Total 
of twelve comparisons in six patients. 
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WEIGHT CHANGE (in LBS.) DURING 
CHLOROTHIAZIDE THERAPY 


Fic. 3. Change in weight during administration of 150 
mg. per day of hydrochlorothiazide plotted against 1,500 
mg. per day of chlorothiazide. Each drug given for one 
week. Total of fourteen comparisons in four patients. 


bulatory patients with congestive heart failure 
who were studied according to the plan pre- 
viously described and who received chloro- 
thiazide as an oral diuretic in the base period. 
These twenty patients provided a total of 
seventy-three comparisons in regard to changes 
in weight and average daily urine output (Figs. 
1 to 5). 

The scattergraph in Figure 1 shows the data 
from twenty-three comparisons of changes in 
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AVERAGE DAILY URINE OUTPUT (in OUNCES) 
DURING HYDROCHLOROTHIAZIDE THERAPY 


AVERAGE DAILY URINE OUTPUT (in OUNCES) 


Fic. 4. Average daily urine output during administra~- 
tion of 150 mg. per day of hydrochlorothiazide plotted 
against average daily urine output during 1,500 mg. per 
day of chlorothiazide. Each drug given for one week. 
Total of eight comparisons in four patients. 


weight in twelve patients, all of whom received 
1,000 mg. per day of chlorothiazide in one 
weekly period and 100 mg. per day of hydro- 
chlorothiazide in another weekly period. In 
some comparisons the period of chlorothiazide 
treatment preceded, while in others it followed 
the period of treatment with hydrochloro- 
thiazide. The weight change during the 
chlorothiazide period is shown on the abscissa 
and that during the corresponding hydrochloro- 
thiazide period on the ordinate. The resulting 
plotted point for each comparison demonstrates 
whether the diuretic effect of chlorothiazide 
or that of hydrochlorothiazide was greater. 
In those instances in which the plotted points 
fall below the line of equal response (the diagonal 
line bisecting the 90 degree angle made by the 
abscissa and the ordinate), the diuretic effect 
of hydrochlorothiazide was the greater. When 
the plotted points fall above the diagonal line, 
the diuretic effect of chlorothiazide was the 
greater. It is evident from inspection of the 
scattergraph that the plotted points are more 
or less equally distributed around the diagonal 
line and, therefore, that in these particular 
twenty-three comparisons the diuretic effect of 
100 mg. of hydrochlorothiazide was approxi- 
mately the same as that of 1,000 mg. of chloro- 
thiazide. 

Twelve of the twenty-three pairs of periods 
utilized for comparing the changes in weight in 
Figure 1 could also be used for comparing the 
average daily urine output. These data con- 
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Fic. 5. Change in weight during hydrochlorothiazide therapy plotted against 
change in weight during chlorothiazide therapy, when each drug was given for 
one week. A, ratio of daily dose of hydrochlorothiazide to chlorothiazide is less 
than1:; 10. Total of twenty-three comparisons in eight patients. B, ratio of 
daily dese of hydrochlorothiazide to chlorothiazide is more than 1:10. Total 
of thirteen comparisons in five patients. 


cerning fluid output were obtained from seven _ effect on weight of 50 or 75 mg. per day of hy- 
patients who collected and measured reliably | drochlorothiazide has been compared with that 
the amount of urine voided each day. The _ of 1,000 mg. of chlorothiazide per day, or the 
scattergraph of Figure 2, comparing the aver- _ effect of 100 or 125 mg. per day of hydrochloro- 
age daily urinary outputs, resembles that of — thiazide has been compared with the effect of 
Figure 1 and confirms the conclusion that in 1,500 mg. of chlorothiazide per day. In 
these patients 100 mg. of hydrochlorothiazide _— scattergraph B the effect on weight of 125 or 
had a diuretic effect approximately equal to 150 mg. of hydrochlorothiazide per day has 
that of 1,000 mg. of chlorothiazide. It is to be | been compared with that of 1,000 mg. of chloro- 
noted that, when urinary output is plotted, the _thiazide per day. The more or less equal 
data for hydrochlorothiazide are shown on the __ distribution of the plotted points in both scat- 
abscissa and the data for chlorothiazide on the __ tergraphs of Figure 5 indicates that under one 
ordinate. set of circumstances hydrochlorothiazide in an 
Four patients provided fourteencomparisonsof | amount less than one-tenth that of chloro- 
the effects on body weight of hydrochlorothiazide — thiazide produced a diuretic response equal to 
and chlorothiazide when the two preparations the response of the latter preparation; whereas 
were given in daily doses of 150 mg. and 1,500 —_—under another set of circumstances an amount 
mg., respectively (Fig. 3), and eightcomparisons of hydrochlorothiazide more than one-tenth 
of average daily urinary output (Fig. 4). From the amount of chlorothiazide was required to 
the distribution of the plotted points in Figures3_ —_ produce a comparable response. 
and 4 it is evident that in these particular four Comparison of Hydrochlorothiazide with Other 
patients 150 mg. of hydrochlorothiazide proved — Diuretics: Two clinic patients receiving 375 
to have a greater diuretic effect than 1,500 mg. and 1,000 mg. of acetazolamide daily at the 
of chlorothiazide even though the dosage ratio inception of the study continued with this 
of 1:10 for the two preparations was the same medication during the base period. When 
as that for the comparisons shown in Figures 1 hydrochlorothiazide was _ substituted subse- 
and 2. quently, it appeared to give at least an equally 
In all of the comparisons in Figures 1 to 4 —_ good diuretic response in doses from 100 mg. 
the ratio of hydrochlorothiazide to chloro-  toas little as 50 mg. per day. 
thiazide was 1:10. In’ contrast, Figure 5 Four of the ambulatory patients had been 
provides comparisons when the daily dosage taking 3.0 to 4.0 gm. of arnmonium chloride 
ratios of the two diuretics were less than 1:10 per day during the base period. In two of 
(scattergraph A), and greater than 1:10 _ these, who were also being given intramuscular 
(scattergraph B). Thus, in scattergraph A the injections of a mercurial diuretic, substitution 
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TABLE I 


Results of 101 Serum Chloride Determinations during 
Therapy with Chlorothiazide or Hydrochlorothiazide 


TABLE Il 


Results of 101 Serum Sodium Determinations during 
Therapy with Chlorothiazide or Hydrochlorothiazide 


Number of Determinations Number of Determinations 
during Therapy during Therapy 
Concentration of Concentration of 
i ‘ ium (mEq./L. 
Chlorothia- Hydro- Chlorothia- Hydro- 
zide chlorothiazide zide chlorothiazide 
84 or less 0 1 124 or less 0 0 
85-89 1 2 125-129 0 3 
90-94 6 18 130-134 6 11 
95-99 5 33 135-137 7 23 
100—106* 11 23 138-144* 10 36 
107 or greater 1 0 145-149 1 + 
Total 24 77 150 or greater 0 0 
Total 24 77 


* Normal range. 


of hydrochlorothiazide for the ammonium 
chloride increased diuresis. In the two patients 
whose only diuretic during the base period was 
ammonium chloride, the substitution of 100 mg. 
per day of hydrochlorothiazide increased urinary 
output and later controlled their congestive fail- 
ure with as little as 25 mg. per day. 

The twenty-six ambulatory patients receiv- 
ing various oral diuretics at the inception of the 
study included six patients who also required 
supplementary injections of a mercurial prep- 
aration. Four of these six were among the 
twenty patients who had been taking oral 
chlorothiazide at the beginning of the study 
and during the base period while two were in- 
cluded in the group of four patients who had 
been taking ammonium chloride. In three of 
the four patients receiving chlorothiazide the 
substitution of hydrochlorothiazide allowed 
for a reduction in the dose of mercurial diuretics 
by 25 to 50 per cent, and in one of the two 
patients receiving ammonium chloride during 
the base period the injections of mercurial 
diuretic could be completely discontinued when 
hydrochlorothiazide was given. 

Effect on Blood Pressure and Heart Rate: Seven- 
teen of the twenty clinic patients receiving 
chlorothiazide during the base period had no 
change in systolic blood pressure or, at the 
most, a decrease of less than 10 mm. Hg. In 
two patients the systolic pressure fell 10 to 
15 mm. Hg. One patient (the only one with 
hypertension) showed a drop in blood pressure 
from a mean of 180/105 to a mean of 150/95 
mm. Hg when hydrochlorothiazide was sub- 
stituted for chlorothiazide. 


* Normal range. 


The remaining twelve ward and clinic pa- 
tients, who previously had not been given 
chlorothiazide, were normotensive at the begin- 
ning of hydrochlorothiazide administration. 
When the latter drug was given, the systolic 
pressure remained the same or decreased by 
less than 10 mm. Hg in five patients and de- 
creased 10 to 15 mm. Hg in six patients. In 
the remaining subject, a clinic patient receiving 
acetozolamide during the base period, the blood 
pressure dropped from a mean of 130/65 to 
a mean of 110/65 mm. Hg. 

Except for the hypertensive patient there was 
no instance in which the diastolic blood pres- 
sure decreased by as much as 10 mm. Hg. 

A definite slowing of the heart rate during 
hydrochlorothiazide therapy was_ repeatedly 
observed in ten of eighteen patients who had 
atrial fibrillation and were taking digitalis. 
The average heart rate for the group showing 
this phenomenon was 73 beats per minute prior 
to hydrochlorothiazide and 59 beats per minute 
during treatment with this diuretic. In four 
patients whose heart rates decreased to between 
43 and 52 beats per minute, it was necessary 
to discontinue digitalis and/or hydrochloro- 
thiazide for varying periods. Later, three of 
these patients could be maintained on lower 
digitalis dosage as long as hydrochlorothiazide 
was continued. This apparent slowing effect 
of hydrochlorothiazide was observed even 
though the initial heart rates in all ten patients 
were recorded during chlorothiazide medica- 
tion. 

Effect on Serum Electrolytes: A total of 101 


THE AMERICAN JOURNAL OF CARDIOLOGY 


rat tet 
noes 
® 
Glace 
q 
& 
ay 
hi 
+ 


Diuretic Effect of Hydrochlorothiazide 401 


TABLE IV 
Results of Ninety-Two Serum Potassium Determinations 
during Therapy with Chlorothiazide and Hydrochloro- 
thiazide with and without Supplementary Potassium 


Number of Determinations during Therapy 


Concentration 
of Potassium 


(mEq./L.) 


Hydro- 
Chlorothiazide | chlorothiazide 
with Suppl. with 
Potassium Suppl. 
Potassium 


Hydro- 
chlorothiazide 
without 
Suppl. 
Potassium 


2.4 or less 
2.5-2.9 
3.0-3.4 
3.5-3.9* 
4.0—4.4* 
4.5-4.9* 
5.0-5.4* 
5.5-5.9* 

6.0 or greaterf 


Total 


DAL 


tN 


* Within normal range. 
t Not recorded are six elevated levels of potassium due to hemolysis 
of the blood specimen. 


serum electrolyte determinations were made in 
nineteen patients with congestive heart failure 
(Tables u, m1 and tv). The distribution of the 
serum chloride concentrations was approxi- 
mately the same’ during treatment with hy- 
drochlorothiazide as during treatment with 
chlorothiazide. In general the chloride con- 
centrations tended to be somewhat low, 50 
to 70 per cent of them being under the normal 
range (Table 1). As with the chlorides the 
distribution of sodium concentrations observed 
during hydrochlorothiazide therapy paralleled 
that during chlorothiazide therapy, and the 
level of sodium often was found to be slightly 
low (Table 11). 

No striking difference was noted between 
the distribution of potassium levels during hy- 
drochlorothiazide and chlorothiazide therapy 
(Table 1v). Furthermore, even the omission of 
supplementary potassium did not have an ap- 
preciable influence on the levels. The only 
instance of a potassium concentration below 
3 mEq./L. was observed in a patient treated 
with hydrochlorothiazide without supplemen- 
tary potassium. At the time of the determina- 
tion, which revealed a concentration of 2.7 
mEq./L., there was also clinical evidence of 
hypokalemia. 

Untoward Effects: 


Of the thirty-two patients 
in the entire series, twenty-two had no untoward 
effects, while the remaining ten patients re- 
ported one or more complaints (Table v). In 
two patients who had a brisk diuretic response 
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TABLE V 


Incidence and Types of Untoward Effects in Thirty-Two 
Patients Receiving Hydrochlorothiazide 


No. of 


Instances Patients 


Type of Effect 


Side effects 10 
Fatigue 
Nausea 
Drowsiness 
Dizziness 
Dryness of mouth 
Myalgia 
Abdominal cramps 
Urticaria* 
Subcutaneous petechiae* 
No side effects 22 


Total 32 


NWN 


* There is some question whether these manifestations 
were related to hydrochlorothiazide. 


while not taking supplementary potassium, 
weakness, dryness of the mouth, and muscle 
pains were sufficiently distressing to cause some 
degree of incapacitation. However, moderate 
reduction of the dose of hydrochlorothiazide 
together with the administration of orange 
juice in one patient and reduction of the dose 
alone in the other patient completely alleviated 
these symptoms without diminishing the diuretic 
response. One of these two patients had a 
serum potassium level of only 2.7 mEq./L. In 
the other patient, whose symptoms also sug- 
gested hypokalemia, it was not possible to 
obtain a blood specimen at the time of symp- 
toms. In the remaining eight patients with 
complaints the symptoms were so mild that it 
was not necessary to modify their medication. 


COMMENTS 


Our data indicate that hydrochlorothiazide 
is a potent diuretic agent. In only two of the 
thirty-two patients was it impossible to control 
fluid retention adequately. One of the poor 
results was in a patient with severe congestive 
heart failure who previously had showed no 
response to other oral and intramuscular diu- 
retics. The second therapeutic failure was a 
patient with disseminated lupus erythematosus 
and severe renal involvement. The lack of 
response of this patient suggests that severe 
kidney damage may interfere with the action 
of hydrochlorothiazide. Similar findings have 
been reported with chlorothiazide.'? The 
diuretic response of two patients with fluid 
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retention secondary to corticosteroid administra- 
tion suggests that hydrochlorothiazide may con- 
trol this condition. 

From our data it may be concluded also that 
the relative amounts of hydrochlorothiazide 
and chlorothiazide required to give the same 
diuretic effect is generally 1 : 10. Although 
this conclusion is consistent with the results of 
preclinical experiments in dogs’ and with the 
majority of clinical reports concerned with the 
use of these two preparations in man,*® our 
data suggest that there are variations in response 
among subjects so that this ratio may be as 
little as 0.5 : 10 or as great as 2 : 10. 

The relatively few patients in this series 
who had been receiving injections of mercurial 
preparations prior to the use of hydrochloro- 
thiazide do not allow for an accurate comparison 
of these two diuretics. 

Although hydrochlorothiazide is useful in the 
treatment of hypertension, no normotensive 
patients showed an appreciable decrease in 
blood pressure, and the slight decrease in some 
cases caused no symptoms. It can be concluded 
that hydrochlorothiazide can be given to patients 
with congestive heart failure and normal blood 
pressure without any risk of marked hypotensive 
effect. 

The bradycardia in ten patients also taking 
digitalis needs special emphasis, since this ef- 
fect of hydrochlorothiazide has not been 
stressed elsewhere. It would seem that this slow- 
ing effect was related to hydrochlorothiazide 
administration since all these patients had been 
taking digitalis for many years in their estab- 
lished maintenance dose without showing ex- 
treme bradycardia and because withdrawal of 


hydrochlorothiazide alone restored the usual 


heart rate. 

Our results suggest that hydrochlorothiazide 
influences the sodium, chloride ana potassium 
level of the blood serum approximately the same 
as chlorothiazide. Some investigators® have 
found hydrochlorothiazide affects potassium 
excretion less than chlorothiazide; from the 
limited num >er of cases in our study this ob- 
servation could not be confirmed. The sodium 
and chloride depletion was never enough to 
produce symptoms, and only two patients had 
complaints which could be related to potassium 
depletion. Both patients were without supple- 
mentary potassium. In one the serum potas- 
sium level decreased to 2.7 mEq./L.; in the 
other it was not possible to obtain a blood spec- 
imen at the time of symptoms. Since our ex- 


perience with probable hypokalemia was limited 
to these two patients and since none of the pa- 
tients receiving supplementary potassium had 
symptoms of potassium loss, it would seem ad- 
visable to provide supplementary potassium in 
some form for every patient taking hydrochloro- 
thiazide. Untoward effects, except for the two 
instances that were probably related to hypo- 
kalemia, were infrequent and so mild that there 
was no need for change in medication. 

Our experience with hydrochlorothiazide 
during this study and our previous experience 
with chlorothiazide suggest both drugs have 
similar diuretic and other clinical effects and 
differ only in dosage. 


SUMMARY AND CONCLUSIONS 


1. Hydrochlorothiazide, an analog of chloro- 
thiazide, has been studied for its diuretic effect 
in thirty-two patients with fluid retention. In 
twenty patients its effects were compared with 
those of the parent compound, chlorothiazide. 

2. In the therapeutic dosage range the ratio 
of hydrochlorothiazide to chlorothiazide is 
approximately 1:10, but there are some in- 
dividual variations concerning this proportion. 

3. Hydrochlorothiazide is a very potent oral 
diuretic agent which sometimes allows signifi- 
cant reduction in mercurial diuretics or com- 
plete replacement of these drugs. 

4. Untoward effects in only ten of thirty-two 
patients were generally mild. In two cases 
with more severe symptoms these symptoms ap- 
peared related to an abundant diuretic effect 
rather than to any toxicity of the hydrochloro- 
thiazide. The administration of supplementary 
potassium may help reduce untoward effects. 

5. Bradycardia associated with hydrochloro- 
thiazide administration was noted in ten patients 
with atrial fibrillation who were also taking 
digitalis. In some cases the maintenance 
dose of digitalis could be reduced. 
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Effect of Reserpine and Syrosingopine on the 
Rate and Contractility of the Human Heart’ 


WILHELM Raas, M.D., F.A.c.c., HANS MARCHET, M.D.7 and HERMAN C. HERRLICH, PH.D. 


Burlington, Vermont 


NE OF THE most conspicuous effects of the 
O rauwolfia drugs is a reduction of the 
heart rate. This phenomenon has been as- 
certained in experimental animals,'~* as well as 
in normal human subjects® and patients.°—!® 

It proved particularly impressive in cases of 
abnormal cardiac acceleration connected with 
mitral valvular lesions,*:’: chronic cor pul- 
monale,’:* -“‘hypertensive heart 
coronary heart disease including the postin- 
farction syndrome,*™ atrial fibrillation,’: par- 
oxysmal tachycardia,*:? thyrotoxicosis’ and 

Albano and Motta’ observed striking reduc- 
tions of pulse rate from an average of 128 to an 
average of 75 beats per minute in thirty-eight 
patients, using an initial dosage of 1 mg. 
reserpine per day intravenously for four to six 
days followed by an oral dosage of 0.25 mg. 
two to three times daily. Schumann and 
Rehberg,” by administering reserpine to seventy- 
three patients in a dosage of 0.25 mg. twice 
daily, achieved an average fall from 85 to 68 
beats per minute with a maximum drop from 
145 to 65. Marangoni and Cavusoglu™ found 


a “loading dose” of 0.75 mg. of reserpine daily - 


for three days and a maintenance dose of 
0.25 to 0.5 mg. successful in slowing the ven- 
tricular rate in twelve of sixteen patients with 
atrial fibrillation. 

Improvements of abnormal electrocardio- 
grams (elevation of S-T segment and restora- 
tion of a positive T wave) were observed by 
several Clinically benefi- 
cial effects concerned anginal symptoms’? 
as well as manifestations of congestive heart 
failure,®: the latter by permitting a reduction of 


digitalis glycosides or even by replacing them. 
The influence of reserpine in lowering the blood 
pressure proved, in general, less consistent and 
less marked than in reducing the heart rate.7"4 

A reduction of central nervous system sym- 
pathetic stimuli was suspected by Bein!:!” 
and Windsor'* to be involved in the bradycardic 
effect of the rauwolfia drugs but Vogt'® failed 
to detect a diminution of electrical impulses in 
the preganglionic sympathetic fibers and thus 
questioned the participation of a central sym- 
pathoinhibitory mechanism. Brodie et al.” 
observed augmented parasympathetic discharges 
from the central nervous system under the 
influence of rauwolfia drugs. However, neither 
the cardioinhibitory nor the metabolic actions 
of these drugs on the heart muscle’: were 
abolished by atropine.’ 

The discovery by Bertler, Carlsson and Rosen- 
gren” that reserpine depletes the catechol- 
amine stores of the heart, subsequently con- 
firmed by others,*:*?-** made it appear likely 
that these local losses of sympathomimetic 
amines are largely responsible for the charac- 
teristic effects of rauwolfia on the heart such as 
the following: bradycardia, prolongation of 
diastole and of atrioventricular conduction,”® 
depression of the contractile amplitude,’ in- 
crease of myocardial glycogen,’ reduction of 
epinephrine-induced myocardial glycogen losses!” 
and a normalization of “hypoxic”? changes of 
the electrocardiogram."''*'6 In view of the 
*“*key position of the catecholamines in cardio- 
vascular pathology’*® the reported favorable 
responses in angina pectoris’: and in con- 
gestive heart failure®:* may be understood on 
the same basis. 


* From the Cardiovascular Research Unit of the University of Vermont at the DeGoesbriand Memorial! Hospital, 
Burlington, Vermont, and the Medical Clinic of the University of Innsbruck, Innsbruck, Austria. This study was 
aided by grant H-2169 from the U. S. Public Health Service (National Heart Institute), by the Fulbright Commission 
of the United States Department of State in Vienna, Austria, and by a grant from Ciba Pharmaceuticals, Inc., Summit, 


New Jersey. 
t Address: St. Radegund, Austria. 
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Two complicating factors must be taken 
into consideration in interpreting the cardio- 
vascular effects of rauwolfia drugs: (1) initial 
‘loading’ or “challenging” doses are prone to 
elicit adrenergic reactions diametrically opposed 
to later long-range effects because of the sudden 
liberation and activity of physiologically stored 
catecholamines before they are enzymatically 
destroyed and before depletion becomes func- 
tionally effective;®?7—*® (2) catecholamine-de- 
pleted tissues are hypersensitive to whatever 
quantities of catecholamines reach them from 
other intra- or extracorporeal sources!:?.??.30 
so that the resulting functional state represents a 
compromise between an adrenergic-weakening 
(depletion) and an _ adrenergic-exaggerating 
(hypersensitivity) element, respectively. 

A more recently introduced synthetic rau- 
wolfia compound, syrosingopine (Singoserp®), 
shares with reserpine its catecholamine-depleting 
and corresponding pharmacodynamic effects on 
the cardiovascular system (vasodepression and 
bradycardia**) but differs from it in leaving the 
catecholamine stores of the brain more or less 
intact,* and in being accordingly free of sedating 
and mentally depressing side effects.‘ 

Absolute sympathetic adrenergic overactivity 
or a relative adrenergic preponderance due to a 
deficiency of cholinergic sympathoinhibitory 
mechanisms* constitute a major contributory 
factor in the pathogenesis of functional and 
degenerative heart diseases and the cardiac 
action of the rauwolfia drugs mimics the effects 
of bilateral sympathectomy; therefore, these 
drugs command a great deal of interest both 
theoretically. and from the point of view of 
cardiac prophylaxis and therapy. For this 
reason we decided to study the action of reser- 
pine and syrosingopine on the cardiac dynamic 
cycle in correlation with heart rate and blood 
pressure at different dosage levels, and the effect 
of reserpine on the cardiac chronotropic re- 
sponse to exercise without and with elimination 
of vagal effects by atropine. 

Data concerning the effect of reserpine on 
the dynamics of the human heart were pre- 
sented by Lasch and Theinl*® in 1957. These 
authors limited their observations to one to two 
hours after the intravenous injection of 1 to 3 
mg. of reserpine and noted the following: (1) 
slight decrease of the blood pressure; (2) slowing 
of the heart rate which was most marked in 
instances of an initial rapid pulse; (3) transient 
augmentation of stroke volume and cardiac 
output in twelve out of twenty tests, lasting up to 
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eighty minutes and followed by a decrease; 
(4) prolongation of diastole; (5) shortening 
of the isometric (tension) period of systole in half 
of the tests; and (6) no alteration of the isotonic 
(ejection) period of systole. At the time when 
these investigations were carried out, neither 
the catecholamine-depleting properties of 
the rauwolfia drugs nor the differences be- 
tween early (“loading”) and subsequent main- 
tenance effects were known. This also applies 
to our first short-range experiments with 
intravenous injection of large doses. 

In all our experiments with exception of the 
exercise tests the dynamic cycle of the left 
ventricle (total systole, isometric and isotonic 
periods, “chronodynogram’’) was measured, 
particularly because the isometric (tension) 
period is a sensitive indicator of neurovegetative 
inotropic influences upon left ventricular ac- 
tivity. The isometric period is shortened by 
adrenergic and lengthened by vagal and/or 
sympathoinhibitory mechanisms.**? Chrono- 
tropic and inotropic reactions of the heart 
although directionally coordinated’ as a rule 
occur independently from each other due to 
their separate origin in the sinus area and the 
ventricular musculature respectively. Hence, 
their measurements provide direct information 
concerning basically different parameters of 
cardiac function. 


MATERIAL AND METHODS 


All tests were carried out before breakfast and 
after an appropriate resting period in quiet surround- 
ings. None of the test subjects presented any evi- 
dence of organic cardiovascular pathology. 

The ‘‘chronodynogram” (measurement of the 
phases of the left ventricular dynamic cycle) was re- 
corded according to the method of Blumberger® as 
described elsewhere.*** Day to day comparisons of 
blood pressure, heart rate and chronodynogram data 
were based on the medium of contro] readings, ob- 
tained on three pre-experiment days. 


* Electrocardiogram (lead 11), phonocardiogram over 
the left side of the upper sternum, and the carotid pulse 
wave were recorded simultaneously with a paper speed 
of 10 cm. per second. The distance from the beginning 
of Q (or R, if no Q was present) to the first vibration of 
the second heart sound corresponds to the length of the 
total systole. The isotonic (or ejection) period extends 
from the beginning of the steep ascent of the carotid 
pulse wave to the bottom of its “‘incisura.’’ Subtraction 
of this dimension from that of the total systole (all ex- 
pressed in thousandths of a second) yields the length of 
the total isometric contraction (or tension) period. 
Each measurement reported here represents an average 
of the readings obtained from ten to twenty individual 
cardiac cycles. 
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TABLE I 
Results of Tests during Acute Phase in Eight Subjects 


Blood Pressure (mm. Hg) 
H H R Isometric Tsotonic 
Reser- B — eart Kate Period (TP)* Period* 
pine Systolic Diastolic 
Case} g., | Age | intra- Injection 
(mg.) peg Before Before Before Before Before 
= Injec- A Injec- A Injec- A Injec- A Injec- A 
tion tion tion tion tion 

1 | M | 25 5 5 128 —13 70 —23 64 +16 73 +4 299 —13 

2 | M |} 50 | 10 5 143 —20 78 -9 82 —24 106 —12 237 +57 

3 | F 17 | 10 5 118 —15 55 —13 102 —43 78 +0 258 +64 

4 | F 36 | 10 4 103 —5 63 —8 91 —31 91 —5 273 +30 

5 | M | 25 | 10 6 110 —7 60 —24 59 —6 74 —12 295 +37 

6 | F 16 | 10 4 124 —13 68 —18 58 —3 93 +11 316 a 

oe 51 10 5 106 —7 69 =I 91 +2 55 —3 261 +11 

8 | M | 27 | 10 5 102 —4 74 —28 57 +3 72 _ 328 —20 

Average 31 9.4 5 117 —11 67 —16 75 —11 80 a 283 +22 

| 

* Expressed in thousandths of a second. 

Exercise tests were carried out on a treadmill Long range medication with reserpine (0.1 to 0.2 mg. 
(speed: four miles per hour for five minutes). Heart per day) and syrosingopine (2 to 4 mg. per day) was 
rates during exercise periods were determined by re- started after three control tests and continued for 
cording the electrocardiogram during the last fifteen weeks and months. Atropine sulfate was injected 
seconds of each minute while the subjects were stand- intravenously in a dosage of 0.025 mg. per kg. body 
ing still; subsequently, in recumbent position for weight. 
fifteen more minutes. Some of the heart rate curves 
during exercise periods are averages of two to three RESULTS 
successive, identically performed, tests. Tests during Acute Phase with Large Doses: 


In the acute loading experiments, reserpine (Ser- In eight subjects intravenous injection of 5 to 


pasil®) was administered intravenously in a dosage 10 mg. of reserpine was followed by diminution 
range used by psychiatrists for sedation (5 to 10 


mg.),*4 and with a follow-up of only four to six hours. 
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DAYS 
o”36 yrs, SERPASIL 


Fic. 3. Influence of reserpine on blood pressure, heart 


rate and isometric (tension) period of left ventricle. 
(Case 11.) 


of the blood pressure and in five instances by a 
reduction of the heart rate, of widely varying 
degrees (Table 1). The isometric or tension 
period was erratic, showing about equal length- 
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Fic. 4. Influence of reserpine on blood pressure, heart 
rate and isometric (tension) period of left ventricle. 
(Case 12.) 
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DAYS 34 


SINGOSERP 


Fic. 5. Influence of syrosingopine on blood pressure, 
heart rate and isometric (tension) period of left ventricle. 
(Case 13.) 


enings and shortenings within rather narrow 
limits. The ejection period was lengthened in 
six of the eight cases. In two instances (Cases 
5 and 8), the intravenous injection was followed 
by dizziness, nausea, restlessness and drowsiness 
lasting several hours, and by an intense flushing 
of the skin. 

Prolonged Medication with Small Doses: This 
produced the well-known slight tendency toward 
lowering of the systolic and diastolic blood pres- 
sure and a considerable reduction of the heart 
rate in Cases 9, 10, 11 and 13, whereas no such 
effects were noticeable in Case 12 (Figs. 1 to 5). 
A slight transient cardiac acceleration occurred 
during the first days of gradual “‘loading” with 
reserpine in Cases 9 and 11. After discontinua- 
tion of the drug the heart rate returned slowly 
toward its original level in Cases 9 and 10. 

The isometric contraction or tension period 
showed a distinct although fluctuating increase 
in length in those subjects whose heart rates 
were also most significantly decreased (Cases 
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SUBJ. 9 


WITHOUT DRUGS 
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SUBJ. 10 


WITHOUT SERPASIL 
AFTER 21x 0.2mg.SERP. 
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Influence of reserpine in Cases 9 through 12, and of syrosingopine in 


Case 9 on cardiac acceleration during, and cardiac deceleration after standard 
exercise on treadmill (walking five minutes at speed four miles per hour). 


9, 10 and 13); it became, on the contrary, 
shortened (Cases 11 and 12). (The ejection 
period was measured in all instances but being 
largely a function of the heart rate*? and, there- 
fore, of only minor interest, was omitted from the 
graphs. ) 

Syrosingopine, administered in Cases 9 and 13 
(Figs. 1 and 5), produced effects similar to reser- 
pine (slight lowering of blood pressure, con- 
siderable reduction of heart rate and lengthening 
of tension period). Case 13 began with an un- 
usually high heart rate and short tension period. 

Exercise Tests: Individual differences in the 
response of the heart rate to exercise under the 
influence of rauwolfia drugs were manifested 
(Fig. 6) insofar as the exercise-induced accelera- 
tions were diminished in Cases 9, 10 and 11 
(in Case 9 chiefly by syrosingopine, in the others 
by reserpine); whereas, the response of Case 12 
who had also been refractory in other respects 
(Fig. 4) remained unchanged. Post-exercise 
cardiac deceleration was markedly intensified by 
reserpine and syrosingopine in Cases 9 to 11, 
but remained nearly unchanged in the generally 
refractory subject (Case 12). 


Exercise Tests Without and With Atropinization: 
In Case 10 the cardiac acceleration by atropine 
alone was 35 beats per minute; during medica- 
tion with reserpine (0.2 mg. daily for three weeks) 
it was augmented to 46 beats. The additional 
maximal exercise-induced acceleration under 
atropine alone was 40 beats; after pretreatment 
with reserpine it was 56 beats. The speed of 
post-exercise deceleration after atropinization 
was not significantly altered by reserpine. 

In Case 12 the cardiac acceleration by atro- 
pine alone was nearly identical before and during 
medication with reserpine (0.2 mg. daily for 
six weeks); namely 35 vs. 39 beats. The same 
was true regarding the maximal exercise- 
induced acceleration after atropinization with- 
out and with reserpine (61 vs. 59 beats) and 
regarding the speed of deceleration. 


COMMENTS 


The mutual interferences between positive 
adrenergic catecholamine-liberating effects upon 
the heart of acute “loading” or “‘challenging”’ 
doses of rauwolfia drugs®:?’—*® and the anti- 
adrenergic catecholamine-depleting action of 
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the drugs*:?!~*4 were manifested by the irregular 
and erratic chrono- and inotropic responses 
(the latter in agreement with the findings of 
Lasch®) occurring within hours after large intra- 
venous dosages. In two subjects a slight initial 
cardiac acceleration and initial shortening of 
the isometric period preceded the typical 
cardiac slowing and prolongation of the ten- 
sion period which accompanied the extended 
medication with smaller maintenance doses. 
Persistently paradoxical (positive adrenergic) 
responses were observed over longer periods in 
two instances. One subject (Case 11) showed a 
marked shortening of tension period, the other 
(Case 12) showed both cardiac acceleration and 
shortening of the tension period. Thisprolonged 
inverted reaction may be explained on the basis 
of the increased catecholamine sensitivity of cate- 
cholamine-depleted cardiovascular 

Under acutely injected large “loading” or 
“challenging” doses the chronotropic and 
inotropic effects, respectively, were often op- 
posed to each other (Cases 1, 2, 4, 5, 8) whereas 
they appeared directionally coordinated during 
prolonged maintenance medication, with the 
exception of Case 11. The separate catechol- 
amine supply from sympathetic nerve terminals 
in the atria (sinus area, responsible for heart 
rate) and ventricles (responsible for isometric 
period) probably accounts for the occasional 
dissociations of chronotropic and_ inotropic 
behavior. Doubling the prolonged dosage of 
both reserpine and syrosingopine did not seem 
to alter the bradycardic effect but in one 
instance (Case 13) it further prolonged the 
tension period. 

The reduction of exercise-induced, catechol- 
amine-mediated** tachycardia and the accentuat- 
ed post-exercise deceleration under the influence 
of reserpine and syrosingopine (except in Case 
12) resembled the effect of physical training 
on heart function** which intensifies anti- 
adrenergic vagal and/or sympathoinhibitory 
mechanisms.** It is to be attributed to the 
partial catecholamine depletion of the heart 
muscle, and has also been observed by Schumann 
and Rehberg" and Weidmann and Klepzig.*” 

Catecholamine-hypersensitivity of the cate- 
cholamine-poor heart probably caused the seem- 
ingly paradoxical intensification of the atro- 
pine-induced cardiac acceleration, and of the 
tachycardia induced by atropine plus exercise 
after prolonged administration of reserpine in 
Case 10. One subject (Case 12) failed to 
display any influence of reserpine on the atro- 
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pine—induced acceleration and the acceleration 
induced by atropine plus exercise. 

The blood pressure responded to. both acutely 
given large and prolonged small dosages of 
reserpine and syrosingopine with a consistent 
slight to moderate diminution in all subjects 
but one (Case 2). 

It is worthy of note that this latter subject 
(Case 12) differed from the others on long term 
administration of medication by presenting an 
atypical response in all respects such as elevation 
of the systolic and diastolic blood pressure, 
cardiac acceleration and shortening of tension 
period. He was a forty-six year old, excep- 
tionally tall sportsman (skier) with a resting 
heart rate of only 53 beats per minute and a 
long “‘athletic” tension period (117 thousands of 
a second). His high vagal and/or sympatho- 
inhibitory tone was presumably acquired in 
part through his sports activities.*'**® His 
living habits and cardiac functional features 
contrasted sharply with those of an unusually 
motionless subject (Case 13), a sixty-eight year 
old spinster (piano teacher) who had a resting 
heart rate of 113 beats per minute and an ex- 
ceptionally short tension period (69 thousandths 
of a second), and who responded in a diametri- 
cally opposite fashion: lowering of the systolic 
and diastolic blood pressure, considerable 
reduction of the heart rate and marked prolon- 
gation of the tension period. A thirty-five year 
old physician (Case 10) also showed signs of a 
basic vagotonia and/or sympathetic inhibition. 
However, being physically quite inactive, he 
seemed to possess these peculiarities as a constitu- 
tional trait rather than by having acquired them 
through training. His responses to reserpine 
were quite typical. 

Mechanisms Underlying Cardiovascular Reactions to 
Rauwolfia Drugs: Without speculating in detail 
regarding the underlying mechanisms respon- 
sible for the different patterns of cardiovascular 
reaction to reserpine in different test subjects, 
we believe that these observations suggest some 
dependence of the typesof response to the rauwol- 
fia drugs on the pre-existing basic neurovege- 
tative neurohormonal status of the subject, 
whereby the degree of habitual physical ac- 
tivity seems to be involved. A direct proportion 
between the resting heart rate and the sus- 
ceptibility to the cardioinhibitory action of the 
rauwolfia drugs has also been emphasized by 
other investigators.®:7 

The literature concerning favorable clinical 
effects exerted by the rauwolfia drugs in a 
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variety of cardiac derangements and _ their 
essentially antiadrenergic mode of action (cate- 
cholamine depletion of the myocardium by 
“chemical sympathectomy”), agrees with the 
concept that an absolute or relative overactivity 
of the catecholamines norepinephrine and epi- 
nephrine in the heart muscle constitutes a hazard 
for myocardial functional and structural in- 

Therapeutic Application: Up to the present 
time, the main emphasis in the explanation 
of the beneficial results obtained by treatment 
with rauwolfia drugs has been placed on the 
negative chronotropic and vasodepressant effects 
of these drugs. Our present findings reveal, 
in addition, the existence of a marked negative 
inotropic antiadrenergic action, exerted by 
reserpine and syrosingopine on the human 
heart muscle (demonstrable on the left ventri- 
cle). This phenomenon is presumably due to 
inactivation of positively inotropically acting 
myocardial norepinephrine, whose efficiency- 
impairing, oxygen-wasting, potentially hypoxi- 
ating (in the subendocardial layers”) and ulti- 
mately necrotizing’’’ properties are being 
increasingly appreciated.” 

Subjects with a high sympathetic tone 
(adrenergic preponderance*') seem to respond 
particularly readily to the negative chronotropic 
and inotropic actions of the rauwolfia drugs, 
and a more extensive therapeutic testing of 
these drugs, especially of those without cerebral 
side effects (e.g. syrosingopine) in combination 
with customary basic medications, appears 
indicated. In consideration of the transient, 
paradoxically adrenergic effects of large early 
“loading” doses, it would seem advisable to 
begin the therapeutic application of rauwolfia 
drugs in cardiac patients with small amounts 
(e.g. 0.1 mg. reserpine; 2 mg. syrosingopine) 
and to increase them gradually to a main- 
tenance level rather than proceeding in the 
opposite direction. 


SUMMARY 


1. The effects of rauwolfia drugs on cardiac 
function are complex. Prolonged administra- 
tion of small doses of reserpine and syrosingo- 
pine lowered the blood pressure and reduced 
the heart rate and, in three subjects, exerted a 
negative inotropic effect on the normal heart 
(prolongation of the isometric contraction period 
of the left ventricle). This effect is presumably 
due to depletion of myocardial norepinephrine. 
An opposite reaction of the isometric period 


which occurred in two subjects may be attrib- 
utable to the co-existing catecholamine hyper- 
sensitivity of catecholamine-depleted cardio- 
vascular tissues. 

2. Exercise-induced tachycardia was gen- 
erally diminished and post-exercise cardiac de- 
celeration accentuated by administration of 
reserpine. 

3. The degree of the negative chronotropic 
and, to some extent, also of the negative ino- 
tropic effect of the rauwolfia drugs seems to be 
directly proportionate to the pre-existing basic 
sympathetic tone. 

4. Large, acutely injected “‘loading doses” 
of reserpine lowered the blood pressure within a 
few hours but produced inconsistent and 
erratic chronotropic and inotropic reactions of 
the heart (probably dependent on the prevalence 
of either liberation or early depletion of cardiac 
catecholamines, respectively). 

5. The antiadrenergic negative chronotropic 
and inotropic properties of the rauwolfia 
drugs seem to qualify them as useful agents for 
selected subjects displaying a potentially det- 
rimental cardiac adrenergic preponderance, 
and for supplementary medication in such cate- 
cholamine-induced conditions as angina pec- 
toris, certain types of congestive heart failure and 
tachycardias. 
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Experimental Study 


Angina Pectoris 


IV. Clinical and Experimental Difference Between Ischemia 
with S-T Elevation and Ischemia with S-T Depression* 


Aut EKMEKCI, M.D., HipEo ToyosHIMA, M.D., JAN K. KwoczynskI, M.D., 
NaGayA, M.D., and Myron PRINZMETAL, M.D., F.A.C.C. 


Los Angeles, California 


CCORDING TO CLAssiIc cardiographic theory 
S-T segment elevation is produced pre- 
dominantly by acute coronary occlusion. This 
was first observed in man by Pardee! and by 
Wolferth and Wood.?* Subsequently, Wood, 
Wolferth and Livezey* reproduced in animal 
experiments similar elevation of the S-T segment 
following occlusion of a large coronary artery. 
It has been demonstrated’ that S-T segment 
elevation may also occur during attacks of the 
variant form of angina pectoris. 

S-T segment depression recorded at the epi- 
cardium is explained, according to classic elec- 
trocardiographic theory, by reciprocity from an 
injury current in the underlying subendocar- 
dium. By contrast, electrocardiographic pat- 
terns clinically observed in patients with classic 
angina and in some cases of mild myocardial 
infarction’ suggest a theory of primary S-T 
segment depression. Experimental evidence 
in favor of this theory has been presented.*® 
Experimentally, primary S-T segment depres- 
sion has been produced by hemorrhagic hypo- 
tension® and by injection of solutions of varying 
ionic concentration into the extracellular me- 
dium.’ 

Fundamental clinical, physiologic, chemical 
and metabolic differences between ischemic 
conditions with S-T elevation and those with 
S-T depression have been demonstrated.’ In 


the course of these studies,® differences in color 
between these two types of ischemia were also 
noted; ischemic myocardium with S-T eleva- 
tion was usually cyanotic and ischemic myo- 
cardium with S-T depression was a normal red 
color. 

Experiments were performed in dogs in order 
to study more precisely the differences between 
S-T segment elevation and S-T segment de- 
pression and their relationship to varying degrees 
of myocardial ischemia. Such differences need 
further exploration because some cases of myo- 
cardial infarction show S-T segment depression 
although most show S-T segment elevation. 
This is also seen in angina pectoris; some cases 
show S-T segment elevation although most show 
S-T segment depression. Evidence supporting 
the theory of primary S-T depression is presented. 


METHOD 


Forty-two mongrel dogs, weighing between 13 and 
25 kg., were used in these experiments; some of the 
dogs were used in more than one experimental group. 
They were anesthetized with pentobarbital sodium 
administered intravenously in doses averaging 25 mg. 
per kg. of body weight. The chest was opened and a 
large branch of the anterior descending coronary 
artery was exposed. Tiny electrodes measuring 0.1 
mm. by 2 mm. were attached to the pericardium at 
selected points over the area supplied by this artery, 
and control electrocardiograms were recorded. 


* From the Institute for Medical Research, Cedars of Lebanon Hospital, Los Angeles, California; Department of 
Medicine, University of California School of Medicine, Los Angeles; and City of Hope Medical Center, Duarte, 
California. Aided by grants from the United States Public Health Service; the Los Angeles County Heart Associa- 
tion; the American Heart Association, Inc.; The Rockefeller Foundation; and the L. D. Beaumont Trust Fund. 
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Angina Pectoris 


TABLE I 
S-T Changes After Ligation of a Large Coronary Artery (Experiment 1) 


Amplitude of S-T Elevation (mv.) 


Portion of 
Ischemic After Ligation 


Area 


3 min. 


Central ; 8.42 + 1.13* : 1 


Peripheral 1.33 + 0.62 


10 min. 
1.33 + 1.71* 
7.75 + 0.11* 
2.75 + 0.28* 


Note: Values are mean + S. E. At the periphery there was some S-T elevation during the first three minutes 
after ligation even though the difference was not statistically significant (P < 0.05). 

* Highly significant difference compared with control value (P < 0.003). 

t Significant difference compared with control value (P < 0.05). 


RESULTS of ischemia. About a half minute later, S-T 

segment. elevation began to appear from the 

EXPERIMENT 1: §-T RESPONSE TO OCCLUSION epicardial leads over the central part of the is- 
A ae a chemic area, then in succession from the inter- 
S-T Elevation: Forty-seven separate experi- mediate zone and from the periphery (Table 1). 
ments were performed in twenty-three dogs. |The amplitude of S-T segment elevation in- 
A large branch of the anterior descending coro- creased over the next few minutes, usually 
nary artery was ligated, producing a distal area becoming relatively stabilized about five min- 
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Fic. 1. S-T segment changes following ligation of a large coronary artery. Tracings were made by means of an ex- 
ploring electrode at points A through E which are progressively farther from the center of the ischemic area. S-T 
elevation occurred first and was greatest from the central part, developing later and to a lesser degree toward the 
periphery. Note also the giant R wave and receding S wave in the regions of greatest ischemia. 
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Fic. 2. S-T segment depression from the periphery of 
an ischemic area. About fifteen minutes after ligation 
of a large coronary artery S-T segment depression, vary- 
ing in amplitude up to 3 mv., was recorded from the ir- 
regular, narrow, reddish-blue sections which had ap- 
peared along the periphery of the ischemic area. Cyano- 
sis was more marked in the center of the ischemic area, 
less pronounced toward the periphery. 


utes after ligation of the artery. By means of an 
exploring electrode, S-T segment elevation was 
found to be most pronounced from the central 
part of the ischemic area. This increased 
amplitude proved statistically highly significant 
one to two minutes after ligation. S-T eleva- 
tion was less marked from the periphery, 
becoming highly significant only after ten 
minutes (Fig. 1). 

In nine dogs a large monophasic curve ap- 


peared from the central part of the ischemic 
area. In this area in the remaining fourteen 
animals no monophasic curve appeared but 
there was marked S-T elevation. 

S-T Depression: About fifteen to twenty 
minutes after ligation of the artery, slight S-T 
segment depression was noted in most tracings 
from the periphery of the ischemic area. (One 
exception was noted in which S-T depression 
from the periphery appeared almost immediately 
after ligation of the coronary artery, simul- 
taneous with S-T elevation over the central part 
of the ischemic area.) The amplitude of the 
S-T depression increased progressively and after 
twenty minutes or more reached a level of as 
much as 3 mv. At all times the peripheral 
area in which an S-T segment depression could 
be recorded was narrow and of irregular shape. 

A large cyanotic area developed in all ani- 
mals immediately after ligation of the coronary 
artery. Cyanosis was more marked in the 
center of the ischemic area and less pronounced 
toward the periphery. Somewhat later, the 
color generally changed to reddish-blue in ir- 
regular narrow patches along the margin of 
the cyanotic area. Recordings from these 
reddish-blue patches most often revealed S-T 
depression (Fig. 2). With the passage of time 
the central cyanotic area diminished in size 
and the reddish-blue patches appeared to shift 
inward. At all times the myocardium beyond 
the ischemic area was of normal red color. 

S-T depression was also recorded from an 
area of the posterior wall of the heart opposite 
to the ischemic area in the anterior wall (Fig. 
3). This S-T depression, long recognized as 
reciprocal, appeared simultaneously with the 
S-T elevation from the anterior ischemic area; 
S-T depression recorded from around the pe- 
riphery of the ischemic area appeared later 
and independently. 


TABLE II 


S-T Response During Ligation and After Release of Tie on Coronary Artery (Experiment 2) 


Amplitude of S-T Deviation (mv.) 
Portion of 
Ischemic During Ligation 
Area Before After Release 
Ligation ‘ 
5 min. | 30 min. 
Central 1.50 + 0.40 7.75 + 0.69* | 6.67 + 0.88* —1.12 + 0.055* 


Note: Values are mean +S.E. 


* Highly significant difference compared with control value (P < 0.003). 
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Fic. 3. S-T segment response to ligation of a large coronary artery. A, marked S-T 
elevation from the central part of the ischemic area located in the anterior wall appeared 
very shortly after ligation of a large branch of the anterior descending coronary artery. 
B, S-T segment depression appeared from irregular, narrow sections along the periphery 
of the ischemic area about fifteen minutes after ligation of the artery. C, the S-T seg- 
ment recorded beyond the periphery of the ischemic area (between points B and D) was 


isoelectric. 


D, reciprocal S-T segment depression appeared over the posterior wall of 


the heart opposite to the ischemic area simultaneously with the appearance of S-T eleva- 


tion from the ischemic area. 


EXPERIMENT 2: §S-T RESPONSE TO | 
RELEASING TIE ON A CORONARY ARTERY 


In nine dogs, sixteen separate experiments 
were performed in which a large branch of the 
anterior descending coronary artery was ligated, 
resulting in a large cyanotic area of ischemia. 
S-T segment elevation appeared over the is- 
chemic area, becoming relatively stabilized in 
the central part about five minutes after ligation 
of the artery. At this time slight S-T segment 
elevation was recorded from the periphery 
of the ischemic area. The tie on the coronary 
artery was released after thirty minutes (Table 
Il). 

After re-establishing the blood flow the de- 
gree of ischemia began to diminish. Im- 
mediately, the cyanotic color began to fade and 
change to bright red, indicating reactive hy- 
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peremia. Transient S-T depression appeared 
where S-T elevation had previously been re- 
corded, first from the periphery (about two 
minutes after release of the tie) and then from 
the central part of the ischemic area (about three 
minutes after release of the tie). Subsequently, 
the S-T segment stabilized on the isoelectric 
line (Fig. 4). The transient S-T depression 
was statistically highly significant for the group 
as a whole; however, S-T segment elevation 
persisted in two dogs, although at a somewhat 
diminished level following release of the tie. 


EXPERIMENT 3: S-T RESPONSE TO TYING 
AN ADJACENT CORONARY ARTERY 


In ten dogs (ten individual experiments), 
a large branch of the anterior descending 
coronary artery was ligated as in experiments 


A B Cc D 
‘ 
fe, 
> 
fy 
Uy 
Vi YL; 
j 
a 
on 


416 Ekmekci et al. 


A B Cc 

Fic. 4. S-T segment response to releasing the tie on a large coronary artery. Tracings 
from a fixed electrode over the central part of the ischemic area. A, five minutes after 
ligation of the artery—S-T segment elevation. B, three minutes after release of the tie— 
transient S-T depression. C, about five minutes after release of the tie—S-T segment 


stabilized on the isoelectric line. 
TIED 


TIED | 


A B 
Fic. 5. S-T segment response to tying an adjacent coronary artery. A, twenty minutes 
after ligation of a large coronary artery: S-T segment elevation over the central part of 
the ischemic area; S-T segment depression from the periphery. B, after ligation of a 
second coronary artery supplying the adjacent myocardium: S-T depression from the 


periphery of the original ischemic area is replaced by S-T elevation. 


1 and 2. Irregular narrow patches of reddish- 
blue myocardium appeared again along the 
periphery of the central cyanotic area and S-T 
segment depression was usually recorded from 
the periphery (Fig. 5A). Twenty minutes 
after ligation of the large branch of the artery 
a second, smaller branch of the anterior de- 
scending coronary artery supplying the myo- 
cardium at the periphery of the ischemic area 
was ligated (Fig. 5B). The S-T depression 
from the periphery of the original ischemic 
area near this second ligation was replaced by 
S-T elevation and the reddish-blue myocardium 
became deeply cyanotic. 


EXPERIMENT 4: §-T RESPONSE TO CHANGES 
IN BLOOD SUPPLY TO PERIPHERY OF AN 
ISCHEMIC AREA 

Three dogs were used in this experiment; 
nine separate experiments were conducted. 
Two artificial coronary artery circuits were 
utilized to provide a method for studying the 
S-T segment response to varying degrees of 
reduced blood supply. 

Circuit A: The left carotid artery and a large 
branch of the anterior descending coronary 
artery were ligated and cut. The proximal 
segment of the carotid artery was connected by 
means of a catheter to the distal segment of the 
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II. 


CIRCUIT 


TIED FEMORAL 
ARTERY 


Circuit A con- 


t 
FEMORAL ARTERY 


S-T segment response to changes in the blood supply to the periphery of an ischemic area. 
nected the left carotid artery to a large branch of the anterior descending coronary artery. Circuit B connected the 
left femoral artery to a small branch of the anterior descending coronary artery supplying the myocardium at the 


Fic. 6. 


periphery of the central area. 1, closure of circuit A resulted in a large area of ischemia with S-T elevation. After 
fifteen to twenty minutes S-T depression appeared from a narrow section at the periphery of the ischemic area. 1, 
subsequent closure of circuit B increased the severity of ischemia at the periphery with S-T depression being replaced 
by S-T elevation. Numerous variations of this experiment were performed with similar results. 


coronary’ artery, thus controlling the blood elevation. At the same time the color of the 


flow to the area supplied by this artery desig- 
nated as “‘area A”’ (Fig. 6). 

Circuit B: The left femoral artery and a small 
branch of the anterior descending coronary 
artery supplying the myocardium at the pe- 
riphery of area A were ligated and cut. The 
proximal segment of the femoral artery was 
connected by means of a catheter to the distal 
segment of this smal! branch artery, thus 
controlling the blood flow to this small area of 
the myocardium (designated as “area B’’). 

Each circuit could be controlled independ- 
ently by opening and closing clamps placed 
over the catheters. (1) Circuit A was closed, 
resulting in a large area of ischemia with S-T 
elevation. Approximately fifteen to twenty 
minutes later, S-T segment depression usually 
appeared from the periphery of this large 
ischemic area (Fig. 61). Twenty-five minutes 
after closing circuit A, circuit B was also closed 
in order to increase ischemia in the peripheral 
area (Fig. 61). About a half minute after 
closing circuit B, S-T segment depression from 
area B was usually replaced by S-T segment 
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myocardium in this area changed from reddish- 
blue to deeply cyanotic. (2) Circuit B was then 
reopened to increase the blood supply to area B. 
In approximately two to three minutes S-T 
elevation disappeared and S-T depression was 
again recorded from this area. At the same 
time the irregular reddish-blue color reap- 
peared. (3) The experiment was then modified 
by reversing the sequence of the procedure as 
follows: circuit B was closed first, resulting in 
ischemia in area B with epicardial S-T elevation. 
Irregular reddish-blue patches appeared at the 
margin of this small ischemic area, Fifteen 
to twenty minutes after closure of circuit B, S-T 
segment depression began to appear from the 
margin of area B. Twenty-five minutes after 
closure of circuit B, circuit A was also closed. 
About a half minute after closing circuit A, S-T 
depression from the zone where areas A and B 
adjoined was replaced by S-T elevation. The 
color of the myocardium in this zone changed 
from reddish-blue to cyanotic. Subsequently, 
circuit A was reopened while circuit B remained 
closed. In two to three minutes S-T segment 


i 
TIED 
‘ 
— 
B CIRCUIT B 
EN 
: 


418 


Ekmekci et al. 


TABLE III 


S-T Response to Hemorrhagic Hypotension and Transfusion after Ligation of Coronary Artery (Experiment 5) 


Amplitude of S-T Deviation (mv. ) 
Portion of 
Ischemic Area Before After Ligation After Hemorrhagic Transfusi 
Ligation (5 min.) Hypotension ee 
Central 0.91 + 0.29 9.29 + 1.15° 12.0 + 1.35* 6.67 + 1.08* 
Intermediate 1.06 + 0.24 2.50 + 0.57f 2.8 + 0.97 —0.7 + 0.65f 


Note: Values are mean + S.E. 


* Highly significant difference compared with control value (P < 0.003). 
t Significant difference compared with contro] value (P < 0.05). 


depression was recorded from the margin of 
area B, often accompanied by reappearance of 
the irregular reddish-blue patches. 


EXPERIMENT 5: S-T RESPONSE IN AN ISCHEMIC 
AREA TO (A) HEMORRHAGIC HYPOTENSION 
AND (B) TRANSFUSION 


In fourteen dogs, twenty-five separate exper- 
iments were performed in which a large branch 
of the anterior descending coronary artery was 
ligated. The central part of the ischemic area 
thus produced showed S-T segment elevation 
which usually became relatively stabilized about 
five minutes after ligation of the artery. 

Hemorrhagic hypotension (experiment 5A): 
Hemorrhagic hypotension was produced by re- 
ducing the mean pressure in the femoral artery 
to approximately 40 mm. Hg. This further 
increased the S-T elevation from the central 
part of the ischemic area (Fig. 7) (Table 1). 

S-T segment elevation from the intermediate 
zone increased slightly. The zone immediately 


A 


Fic. 7. S-T segment response to hemorrhagic hypoten- 
sion in an ischemic area. A, after ligation of a large 
branch of the coronary artery: S-T segment elevation 
(5 mv.) from the central part of the ischemic area. B, 
five minutes after lowering the mean blood pressure to 
40 mm. Hg: Further elevation of the S-T segment (8 
mv.). Note also the increase in the R wave and the de- 
crease in the S wave. 


outside the ischemic area, in which the S-T 
segment had been isoelectric prior to hypoten- 
sion, now also showed slight S-T elevation, and 
the area of cyanosis appeared enlarged. Elec- 
trocardiographic exploration beyond the large 
ischemic area revealed “islands” of S-T depres- 
sion scattered over all aspects of both ventricles. 

Transfusion and return to normal blood pressure 
(experiment 5B): Following a period of hypo- 
tension lasting ten to fifteen minutes, the dogs 
were transfused with the blood which had been 
removed, approximately restoring the mean 
blood pressure to the pre-bleeding level. 

Elevation of the S-T segment decreased from 
the central part of the ischemic area (Fig. 8) 
(Table m1). S-T segment depression was 
recorded from the periphery of the ischemic area. 
Immediately after transfusion, the size of the 
cyanotic area seemed to decrease and reddish- 
blue patches gradually appeared at the periph- 
ery. The scattered “islands” of S-T segment 
depression which had been recorded over all 
aspects of both ventricles during hypotension 
disappeared following transfusion. 


Fic. 8. S-T segment response to transfusion following 
hemorrhagic hypotension in an ischemic area. A, after 
ligation of a large branch of the coronary artery and 
subsequent lowering of the mean blood pressure to 40 
mm. Hg: Marked S-T elevation (8 mv.). B, after trans- 
fusion and return to normal pressure: Decrease in S-T 
segment elevation (5 mv.). 
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Fic. 9. S-T segment changes during and after an attack of the variant form of angina pectoris. Se- 


lected complexes of a continuous tracing from an umbilical lead facing the ischemic area on the 
diaphragmatic surface of the heart. One minute after the onset of the attack the pain was severe 
and marked S-T elevation was recorded. As the pain began to diminish (at about one and a half 


minutes) the S-T elevation started to decrease. 


The pain ceased at about two minutes. Subse- 


quently, transient S-T depression appeared. Finally, the S-T segment stabilized on the isoelectric 


line. 
Cardiol., 3: 276, 1959.%) 


COMMENTS 


The striking finding in all five experiments is 
that S-7 segment elevation is associated with more 
severe ischemia than S-T segment depression. 

In experiment 1, confirming the earlier ob- 
servation by Rakita et al.,!° it was demonstrated 
that after ligation of a coronary artery elevation 
of the S-T segment is greatest from the central 
part of the ischemic area and less pronounced 
from the intermediate zone or at the periphery. 
Ischemia is, in all likelihood, most severe in the 
central part of the area supplied by the ligated 
coronary artery. It follows, therefore, that 
greater S-T elevation coincides with a higher 
degree of ischemia. 

S-T depression appearing from the reddish- 
blue patches at the periphery of the ischemic 
area had already been observed by Wolferth 
et al.° and by Hellerstein and Katz." Ischemia 
is presumed to be more severe in the central part 
than at the periphery; therefore, it would 
appear that S-T elevation is associated with a 
higher degree of ischemia than is S-T depres- 
sion. 

This conclusion is strengthened by the ob- 
servations in experiment 2. When the tie on 
the coronary artery was released, ischemia 
progressively diminished and S-T segment 
elevation was usually replaced by transient S-T 
depression. Changes similar’ to those experi- 
mentally produced by releasing the tie and 
restoring the blood supply have been observed 
in some cases of the variant form of angina.5:® 
During severe pain, S-T segment elevation is 
recorded from the standard and _ precordial 
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(From: PrinzmetaL, M., Exmexci, A., Toyosnima, H. and Kwoczynski, J. K. Am. J. 


leads. This is followed by transient S-T de- 
pression as the pain subsides (Fig. 9). 

A typical case is that of a forty-nine year old 
man with the variant form of angina who 
experienced frequent episodes of anginal pain 
while at rest. As previously reported,’ an 
electrocardiogram was. recorded during and 
after an episode of severe pain. From an 
umbilical lead facing the ischemic diaphrag- 
matic surface of the heart, marked elevation of 
the S-T segment was noted as long as the severe 
pain lasted (Fig. 9). When the pain began to 
diminish (about a minute and a half after 
onset) S-T elevation started to decrease. The 
pain ceased at two minutes, and half a minute 
later transient S-T depression appeared until 
finally the S-T segment stabilized on the iso- 
electric line. 

These electrocardiographic changes occurring 
during an attack of the variant form of angina 
are identical with the changes noted in ex- 
periments with animals upon release of the tie 
on a large coronary artery. This lends support 
to the hypothesis that hypertonicity in a large 
coronary artery already partly narrowed may 
produce clinically a temporary occlusion similar 
to that observed after experimental ligation of 
an artery.® 

The same relationship between degree of 
ischemia and configuration of the S-T segment 
was demonstrated in another manner in experi- 
ment 3. As ischemia at the periphery of the 
ischemic area was increased by ligating an 
adjoining coronary artery, the reddish-blue 
myocardium changed to a deeply cyanotic 
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Fic. 10. Simultaneous S-T depression from epicardial and underlying endocardial leads after in- 


jection of high concentration sodium chloride solution (171 mEq./L. NaCl). 


Simultaneous records 


obtained from the epicardium and from the endocardium. A, controls. B, about three seconds 


after injection into the coronary artery circuit: 
endocardium. (Note: 
cardial lead. ) 


color and S-T depression was replaced by S-T 
elevation. The converse is also true as was 
demonstrated in experiment 4 when one or the 
other of the two circuits was opened. With 
increased blood supply the color of the myo- 
cardium at the borderline between the two 
areas usually changed from cyanotic to reddish- 
blue and at the same time S-T elevation was 
replaced by S-T depression. 

Further reduction in the blood supply to the 
ischemic area as produced by hemorrhagic 
hypotension in experiment 5A resulted in an 
increase of S-T segment elevation from the 
entire ischemic area plus the appearance of 
islands” of S-T depression over all aspects of 
both ventricles. It is well known that cardio- 
vascular shock complicating acute coronary 
occlusion is responsible for a tremendous 
increase in mortality. According to Grishman 
and Master,’* cardiovascular shock leads to 
further decrease in coronary flow and thereby 
a further reduction in the blood supply to the 
ischemic area. 


S-T depression recorded from both epicardium and 
There is less S-T segment change from the endocardial than from the epi- 


The “‘islands’” of S-T depression scattered 
over the epicardial aspect of both ventricles, 
as observed in experiment 5A, are comparable 
to clinical findings in classic angina pectoris 
which were reported previously.* This experi- 
ment demonstrates what might occur in patients 
having classic angina with “‘islands” of S-T 
depression combined with variant angina with 
a large area of S-T elevation. 

The changes produced by hemorrhagic hypo- 
tension were reversed after transfusion and 
return of systemic blood pressure to the pre- 
bleeding level (experiment 5B). This demon- 
strates that raising the blood pressure reduces the 
severity of ischemia and its manifestations. 


PRIMARY S-T DEPRESSION 


In patients with classic angina pectoris S-T 
depression recorded from precordial leads has 
been attributed by Wolferth et al. and by 
Myers et al.'*-!4 to the reciprocal effect of sub- 
endocardial injury currents. In the mean- 
time, however, a number of clinical and experi- 
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mental observations have been made which 
force us to recognize primary S-T depression, 
i.e., S-T depression indicative of ischemia from 
the region of the exploring electrode and not 
produced by the reciprocal effect of subendo- 
cardial ischemia. 

In a large number of experiments®:!° it has 
been demonstrated that hemorrhagic hypo- 
tension may produce marked S-T depression 
from direct epicardial leads Without significant 
S-T elevation from simultaneously recorded 
subendocardial and cavity leads. These find- 
ings were confirmed by Toyoshima et al.’ 
through the use of multiple intramural elec- 
trodes. These experiments produced no marked 
S-T elevation from subendocardial or cavity 
leads; therefore, the epicardial S-T depression 
cannot be explained on the basis of the recipro- 
cal effect of a subendocardial injury current. 
Massumi et al.'® demonstrated that the converse 
is also true: injury to the outer layers of the 
myocardium resulting in marked epicardial 
S-T segment elevation failed to produce any 
significant displacement of the S-T segment 
from the subendocardial or cavity leads. 

Clinical observations point in the same direc- 
tion. In subendocardial fibroelastosis severe 
lesions of the endocardium and subendocardium 
may exist without producing S-T segment 
depression. In some instances of mild myo- 
cardial infarction in which it must be assumed 
that the subendocardial infarct extends to some 
degree to the outer layers, S-T depression rather 
than S-T elevation occurs.’ In chronic peri- 
carditis, even though only a thin shell of 
subepicardial tissue is diseased, S-T depression 
may be recorded.'’ In idiopathic hypertrophy 
of the heart there may be marked S-T segment 
depression without disproportionate involve- 
ment of endocardium and subendocardium.® 

Considered purely on a mathematical basis 
it is very doubtful whether epicardial S-T 
depression is always reciprocal to a subendo- 
cardial injury current. This may be illus- 
trated by a hypothetical example.* A subendo- 
cardial lesion measuring 1 cm. in diameter is 
assumed to lie in a ventricular wall measuring 
1 cm. in thickness. One electrode is placed in 
the cavity directly over the center of the sub- 
endocardial area of injury and a second elec- 
trode is placed in a corresponding position at the 
epicardium directly opposite to the cavity 
electrode. Under these circumstances, the 
magnitude of the reciprocal S-T depression at 
the epicardial surface would be only about '/1 
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that of the S-T elevation recorded in the cavity. 
This relationship can be expressed mathemati- 
cally by the “solid angle value”* which at the 
endocardial surface is approximately 27, while 
at the epicardial surface it is 0.21 w. Thus, 
if a comparatively small reciprocal S-T de- 
pression of up to 0.3 mv. were recorded at the 
epicardial surface, it would require that a 
very large S-T elevation of up to 3 mv. be re- 
corded in the cavity. Even if the injured area 
is assumed to be of a different thickness and the 
electrodes placed in a less precise position, a 
large disparity between the reciprocal epicardial 
S-T depression and the cavity S-T elevation 
would nonetheless be expected. 

Cellular Responses in S-T Elevation and S-T 
Depression: It might be reasoned at this point 
that epicardial S-T depression may occur in 
response to a change in the subepicardium. 
From this it would follow that myocardial 
cells are capable of two different types of re- 
sponse; one producing S-T elevation, the other 
S-T depression. Such an assumption is not at 
variance with fundamental electrocardiographic 
theory and is entirely compatible with the prin- 
ciple of reciprocity. Primary S-T depression 
must be associated with reciprocal S-T eleva- 
tion in the same way that primary S-T elevation 
is associated with reciprocal S-T depression. 
In many cases of primary S-T depression the 
reciprocal S-T elevation may be found in aVR 
and aVL leads, depending on circumstances. 

Two different types of cellular response re- 
sulting in S-T segment deviation have been 
recently demonstrated. These changes oc- 
curred with ischemic as well as nonischemic 
conditions and were brought on by chemical 
factors. When a hypotonic sodium solution was 
rapidly injected into a coronary artery, local 
transient S-T segment elevation resulted. In- 
jection of a hypertonic sodium solution produced 
transient S-T segment depression. Potassium 
solutions in different concentrations also pro- 
duced opposite S-T segment responses. In- 
jection of a high concentration potassium solution 
resulted in transient S-T elevation while injection 
of a low concentration potassium solution produced 
S-T depression. These perfusion experiments 
reveal that either S-T elevation or S-T depres- 
sion may occur over the same area of the myo- 
cardium, the direction of the S-T deviation 


*<Solid angle value” is a geometric value used to 
express the three dimensional relationship of a point (P) 
to a portion of a spherical surface intersected by a solid 
cone from the point. 
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Simultaneous S-T elevation from epicardial and underlying endocardial leads after in- 


jection of high concentration potassium chloride solution (6 mEq./L. K in 142 mEq./L. NaCl). 
Simultaneous records obtained from the epicardium and from the endocardium. A, controls. B, 
about three seconds after injection into the coronary artery circuit: S-T elevation recorded at both 


epicardium and endocardium. 
than from the epicardial lead. ) 


depending on the nature and concentration of 
the solution injected. 

It seems clear that however many solutions 
are used, as long as they are injected through 
the same cannulas they will affect the same cells; 
it is hardly plausible that they would migrate to 
various sites, causing different cells to react. 
We can account for the occurrence of both S-T 
elevation and S-T depression over the same area 
of the myocardium in the perfusion experiments 
only if it is assumed that the same cell is capable 
of giving rise to primary S-T elevation and also to 
primary S-T depression. 

According to classic theory the S-T segment 
response to myocardial injury is elevation only. 
By supposing that the cell undergoes somewhat 
similar changes with injection of solutions as 
with injury, the S-T elevation encountered in 
the perfusion experiments can be readily ex- 
plained. But to what can we attribute the 
S-T depression after the injection of high con- 
centration sodium or low concentration potas- 
sium solutions? Since there seems no other way 
to resolve the problem presented by these and 
similar findings it becomes necessary to recog- 
nize the possibility of a primary S-T depression. 


(Note: There is less S-T segment change from the endocardial 


This hypothesis is supported by a number of 
observations. Unpublished experiments have 
shown that injection of a high concentration 
sodium chloride solution into a coronary artery 
circuit produced marked S-T depression simul- 
taneously from epicardial and from underlying 
endocardial leads (Fig. 10). Injection of a 
high concentration potassium chloride solution 
into the coronary artery circuit produced S-T 
elevation simultaneously from the same epicardial 
and underlying endocardial leads (Fig. 11). 
By injecting a dye into this coronary .artery 
circuit, it was subsequently demonstrated that 
both the epicardial and the underlying endo- 
cardial electrodes were in contact with myo- 
cardium supplied by the same coronary artery. 

Furthermore, when the tie on a large coro- 
nary artery was released thirty minutes after 
ligation (experiment 2), S-T segment elevation 
from the central part of the ischemic area 
decreased and was in almost all instances 
replaced by transient S-T depression. As this 
S-T depression occurred after the disappearance 
of the S-T elevation it could not be reciprocal 
to S-T elevation and in our opinion also 
represents primary S-T depression. 
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Primary vs. Reciprocal S-T Depression: It 
would also be difficult to explain the S-T 
depression recorded from the periphery of the 
ischemic area (experiment 1) exclusively on the 
basis of reciprocity to S-T elevation from the 
central part of the ischemic area. S-T de- 
pression from the periphery of the ischemic area 
measured up to 3 mv. in depth and appeared 
from points where slight or moderate S-T 
elevation had been previously noted. The 
potential of exploratory electrodes placed over 
these marginal patches would be too small to 
account for the magnitude of S-T depression 
recorded. 

Other factors argue against an explanation of 
primary S-T depression on the basis of reciproc- 
ity. When first observed about fifteen minutes 
after ligation of the coronary artery, S-T de- 
pression from the periphery was usually shallow 
but subsequently tended to increase in depth. 
At the same time the size of the ischemic area 
tended to decrease (experiment 1). These two 
changes could not occur simultaneously if the 
S-T depression were, indeed, reciprocal. In 
fact, the reverse would be found; that is, due to 
the curvature of the heart the solid angle values 
at leads placed at the periphery would decrease 
as the ischemic area contracted and S-T 
depression would then also decrease. There- 
fore, an increasing depth of S-T depression from 
the periphery at this time invalidates an ex- 
planation in terms of reciprocity. 

The time factor, too, bolsters the case for 
primary S-T depression. Peripheral S-T de- 
pression first appeared about fifteen minutes 
after S-T elevation was observed over the 
ischemic area. If reciprocal to S-T elevation, 
S-T depression recorded at the periphery would 
have occurred simultaneously with the S-T 
elevation which was recorded over the central 
part of the ischemic area almost immediately 
after ligation of the coronary artery. 

Clinically, primary epicardial S-T depression 
may be recognized by comparing the size of 
S-T depression and S-T elevation from leads 
facing different aspects of the heart. The 
development of the shift in the S-T segment 
over a period of time should also make possible 
a distinction between primary and reciprocal 
S-T depression. If, for example, S-T depression 
increases without a corresponding change in 
S-T elevation (or even with a decrease in S-T 
elevation) it is obviously not reciprocal to the 
S-T elevation. 

Degrees of Ischemia: The conclusion that S-T 
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segment elevation is associated with more 
severe ischemia than S-T segment depression 
(based on experiments as reported here) seems 
to be contradicted by the observation that 
S-T depression never occurred immediately 
after ligation, that is, during the initial period 
before ischemia had become severe. In pre- 
vious experiments in thirty dogs® it was noted 
that there was a 25 to 35 second delay in the 
appearance of S-T elevation after ligation of a 
coronary artery. If S-T depression is indeed 
related to a less severe degree of ischemia than 
S-T elevation, its absence during this initial 
period must be explained. 

A theory based on cell metabolism may 
resolve this apparent discrepancy. Following 
ligation of the coronary artery the oxygen and 
glucose in the extracellular medium of the 
ischemic area become depleted. In previous 
investigations’ it was demonstrated that one 
minute after ligation of the coronary artery 
the oxygen saturation of the blood in the cor- 
responding coronary vein was reduced to less 
than 2 per cent. It may be assumed that at 
the same time the glucose content of the extra- 
cellular medium is also diminished, preventing 
increased potassium migration into the cell. 
It has been shown’ that injection of a 5 per cent 
glucose solution (at a rate of 20 cc. per minute) 
into the coronary artery immediately after 
ligation results in S-T depression within a 
few seconds, probably due to the increased 
intra/extracellular potassium gradient. Con- 
versely, ligation of the coronary artery without 
glucose supplementation results in a deficient 
glucose supply in the extracellular medium 
and we may assume that the shift of potassium 
into the cell cannot be increased. If there is no 
increase in the intra- and extracellular potassium 
gradient we may expect absence of S-T de- 
pression. 

Releasing the tie on the coronary artery and 
permitting the flow of blood to return to the 
ischemic area is tantamount to increasing the 
oxygen and glucose supply in the extracellular 
medium. Consequently, glucose uptake is prob- 
ably increased and potassium enters the cell, 
raising the intra- and extracellular potassium 
gradient. This may explain the transient S-T 
depression which often appears subsequent to 
the release of the tie on the coronary artery. 

Under the conditions set up in experiment 4 
one could expect the same pattern to prevail. 
When one of the sources of blood supply to the 
peripheral area was reopened the degree of 
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Fic. 12. Hypothetical pathways for development of 
ischemia and recovery. After initiation of ischemia there 
is a time lag of 25 to 35 seconds before S-T elevation 
occurs. As ischemia diminishes S-T depression appears. 
The diagram presents the hypothesis of these different 
metabolic pathways for development of ischemia and 
recovery from ischemia. 


ischemia was diminished and S-T depression 
resulted. This applies also to the reappearance 
of S-T segment depression following transfusion 
and return to normal pressure (experiment 5B). 

Metabolic Changes During Development of and 
Recovery from Ischemia: Observation of the time 
lags before appearance of initial S-T elevation 
and before return of transient S-T depression to 
the isoelectric line suggested the hypothesis 
that development of ischemia and recovery from 
ischemia may occur along different metabolic 
pathways (Fig. 12). From this diagram it may: 
be seen that with increased blood flow S-T 
depression appears while there is still a con- 
siderable degree of ischemia. Thus, it is 
conceivable that there may be rare situations 
where S-T depression could occur with more 
severe ischemia than S-T elevation. At any 
rate, the state of cell metabolism appears to be of 
prime importance in influencing degree as well 
as direction of S-T segment response. 

There have been many reports !*!* indicating 
that the amount of stored glycogen and the 
reserve of high energy phosphates in the myo- 
cardial cell are relatively large. It therefore 
seems unlikely that S-T elevation beginning 
as early as 25 to 35 seconds after ligation could 
be due to a deficiency of cellular energy. 
Classical theory attributes this S-T elevation to 
cell injury, with resultant inability of the cell 
membrane to maintain the ionic gradient.”° 
Accordingly, there would be leakage of potas- 
sium from the cell. However, experiment 2 
furnishes evidence to the contrary. Even when 
ligation of the coronary artery was continued for 
as long as 30 minutes before releasing the tie, 
diminution of S-T elevation appeared within 
one minute and was in most instances replaced 
by S-T segment depression. During the next 


three to five minutes the S-T segment returned 
to the isoelectric line. Thus, it might be that 
S-T elevation occurring soon after occlusion of 
the coronary artery reflects reversible cellular 
injury but the cell membrane retains its func- 
tional ability. On the other hand, severe and 
prolonged ischemia will result in irreversible 
damage. 


COLLATERAL CIRCULATION 


The appearance of S-T depression from the 
periphery of the ischemic area (experiment 1) 
must be due to increased blood supply from 
collateral channels. The large cyanotic area 
which developed after ligation of the coronary 
artery diminished with the passage of time and 
the irregular, narrow reddish-blue patches 
which subsequently appeared along its margin 
shifted inward. Gregg! demonstrated increased 
collateral circulation in the femoral and carotid 
arteries shortly after occlusion; Wiggers” 
postulated the same in the myocardium. 
Other investigations® have shown that subse- 
quent to acute coronary occlusion the blood 
flow to the ischemic area gradually improves. 
It would seem likely that collateral circulation 
is responsible for both the increase in blood 
flow to the ischemic area and the progressive 
diminution of its size. The appearance of 
primary S-T depression at the periphery of the 
ischemic area may also be due to collateral 
blood flow resulting in improved cell metab- 
olism. 

The effect of collateral circulation is further 
illustrated in experiment 4. When circuit A 
supplying the central area was closed, S-T 
depression was recorded at the periphery (area 
B) after fifteen minutes. When circuit B 
supplying area B was then closed, S-T depres- 
sion disappeared and S-T elevation was _ re- 
corded over this area. Subsequently, -when 
circuit B was reopened S-T elevation disap- 
peared after several minutes and S-T depression 
was again recorded from area B. This can only 
mean that peripheral S-T depression was 
produced by collateral blood flow to area B. 


SUMMARY 


1. Two types of primary S-T deviation, 
primary S-T depression and primary S-T 
elevation, have been observed clinically and 
demonstrated in experiments on animals. 

2. Experiments in dogs demonstrated that 
S-T segment elevation is associated with more 
severe ischemia than S-T segment depression, 
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confirming clinical impressions in patients with 
myocardial infarction and/or angina pectoris. 

3. Release of the tie on a large coronary 
artery resulted in reduced severity of ischemia; 
S-T elevation was diminished and in most 
instances replaced by transient S-T depression. 
This parallels clinical observations in patients 
during a severe attack of the variant form of 
angina pectoris. 

4. Hemorrhagic hypotension following liga- 
tion of a large coronary artery resulted in further 
increase in S-T segment elevation over the cya- 
notic area and widely scattered “islands” of 
S-T depression appeared over both ventricles. 
S-T elevation over the cyanotic area decreased 
and the “islands” of S-T depression disappeared 
upon restoration of normal blood pressure. 
This illustrates the deleterious effect of shock in 
acute coronary occlusion and underlines the 
importance of maintaining adequate systemic 
blood pressure. 

5. Primary S-T depression, as demonstrated 
in different experiments, occurs with ischemia 
and under nonischemic conditions due to 
chemical alterations. Primary S-T depression 
is in no way at variance with the principle of 
reciprocity or other fundamental laws of electro- 
cardiography. 

6. S-T segment depression and S-T seg- 
ment elevation are due to two different types of 
cellular response. 

7. The experimental findings suggest that 
development of ischemia and recovery from 
ischemia may occur along different metabolic 
pathways. 

8. The effect of collateral circulation was 
studied by means of two artificial coronary 
artery circuits providing independent control 
of the blood supply to the central part of the 
ischemic area and its periphery. It was demon- 
strated that collateral circulation diminishes 
the extent and degree of ischemia simultan- 
eously with the appearance of primary S-T 
depression from the periphery of the ischemic 
area. 


REFERENCES 


1. Parvez, H. E. B. An electrocardiographic sign of 
coronary artery obstruction. Arch. Int. Med., 26: 
244, 1920. . 

2. Wo.rertu, C. C. and Woop, F. C. The electro- 
cardiographic diagnosis of coronary occlusion by 
the use of chest leads. Am. J. M. Sc., 183: 30, 
1932. 

3. Wo.rertH, C. C. and Woop, F. C. Further ob- 
servations upon the use of chest leads in electro- 


MARCH 1961 


cardiographic study of coronary occlusion. M. 
Clinics North America, 16: 161, 1932. 


. Woon, F. C., Wotrertn, C. C. and Livezey, M. M. 


Experimental coronary occlusion. Arch. Int. Med., 
51: 771, 1933. 


. PRINzMETAL, M., KENNAMER, R., Meruiss, R., 


Wana, T. and Bor, N. Angina pectoris. 1. A 
variant form of angina pectoris. Am. J. Med., 
27: 375, 1959. 


. C. C., S., Lrvezey, M. M. and 


Murpny, F. D. Negative displacement of the 
RS-T in the electrocardiogram and its relation- 
ships to positive displacement. Am. Heart J., 29: 
220, 1945. 


. PRINZMETAL, M. and KeNNAMER, R. An unusual 


electrocardiographic pattern associated with mild 
myocardial infarction. Am. J. Cardiol., 4: 253, 
1959. 


. PrRInzMETAL, M., GOLDMAN, A., Suusin, M., Bor, 


N. and Wapa, T. Angina pectoris. uu. Ob- 
servations on the classic form of angina pectoris 
Am. Heart J., 57: 530, 1959. 


. PrinzMeTtaL, M., Exmexci, A., Toyosnima, H. and 


Kwoczynski, J.K. Anginapectoris. m1. Dem- 
onstration of a chemical origin of S-T deviation 
in classic angina pectoris, its variant form, early 
myocardial infarction, and some noncardiac con- 
ditions. Am. J. Cardiol., 3: 276, 1959. 


. Raxita, L, Borpuas, J. L., Roruman, S. and 


PrINZMETAL, M. Studies on the mechanism of 
ventricular activity. xu. Early changes in the 
RS-T segment and QRS complex following acute 
coronary artery occlusion. Am. Heart J., 48: 
351, 1954. 


. Hevverstein, H. K. and Karz, L. M. The elec- 


trical effects of injury at various myocardial loca- 
tions. Am. Heart J., 36: 184, 1948. 


. GrisHMAN, A. and Master, A. M. Cardiac out- 


put in coronary occlusion studied by the Wezler- 
Boeger physical method. Proc. Soc. Exper. Biol. @ 
Med., 48: 207, 1941. 


. Myers, G. B., Kiem, H. A. and Hrratzxa, T. 


Correlation of electrocardiographic and patho- 
logic findings in large anterolateral infarction. 
Am. Heart J., 36: 838, 1948. 


. Myers, G. B., Kiem, H. A. and Hrrartsxa, T. 


Correlation of electrocardiographic and patho- 
logic findings in anteroposterior infarction. Am. 
Heart J., 37: 205, 1949. 


. Tovosutmma, H., Takakuwa, K. and others. ST 


segment displacement of intramural lead ECG 
in experimental hemorrhagic hypotension. Ann. 
Report of Inst. of Environmental Med., 11: 92, 1960. 


. Massumi, R. A., Gotpman, A., Raita, L., Kura- 


moto, K. and PrinzmetaLt, M. Studies on the 
mechanism of ventricular activity. xvi. Activa- 
tion of the human ventricle. Am. J. Med., 19: 
832, 1955. 


. Levine, H. D. Static and dynamic electrocardio- 


graphic phenomena in coronary artery disease. 
J.A.M.A., 167: 964, 1958. 


. Lenzi, F. and Canicoia, A. On the Nature of the 


Myocardial Contraction. A Study of the Electro- 
lytes. New York, 1953. S. Karger. 


. Frrepserc, C. K. Diseases of the Heart, 2nd 


edition, p. 130. Philadelphia, 1956. W. B. 
Saunders Co. 


| 
+5 
8 
1 
17 
2 
— 


426 Ekmekci et al. 


20. Karpescu, M., Hocancamp, C. E. and Bine, R. J. 
The effect of complete ischemia on the intra- 
cellular electrical activity of the whole mammalian 
heart. Circulation Res., 6: 715, 1958. 

21. Grecc, D. E. Phasic changes in flow through dif- 
ferent coronary branches. In: Blood, Heart and 
Circulation, p. 81. Edited by Moulton, F. 
R. Publication of the American Association for 


the Advancement of Science, No. 13, 1940. 

22. Wiccers, C. J. The functional consequences of 
coronary occlusion. Ann. Int. Med., 23: 158, 
1945. 

23. Nacaya, T., Exmexci, A., ToyosHima, H., Kwo- 
CZYNSKI, J. and PRINZMETAL, M. Instantaneous 
versus delayed death following acute coronary 
occlusion. In press. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


| 
| 
a 
Ay 
ret 
rade 
| 
1 
s 
ons 
fy 


Historical Milestones 


Description of Circulatory Collapse and 


Coronary Thrombosis in the Fifth 


Century A.D. by Caelius Aurelianus’ 


Rupo pH E. SIEGEL, M.D. 
Buffalo, New York 


N CAELIUS AURELIANUS’ book “On Acute 

Diseases and on Chronic Diseases’! one is 
astonished to find, as early as the fifth century 
A.D., a very detailed account of circulatory 
failure anda discussion of its causes. There 
are several reasons why succeeding generations 
of physicians failed to grasp these syndromes 
despite the title ‘‘Passio Cariaca.’’ First, we 
have to blame this on the multiple meaning of 
some anatomic terms in antiquity and later 
times. 

The word “‘cardiacus” is derived from the 
Greek word “kardia”? which was used by the 
Roman physicians to refer to both the heart 
and stomach. This ambiguity was common in 
the time of Hippocrates (about 400 B.C.),? 
Galen* and Aretaeus‘ (second century A.D.), 
who wrote that this word indicated the upper 
ending of the stomach and the heart itself. These 
vague expressions have been perpetuated into 
modern times, e.g., the popular use of the word 
‘“*heartburn” when we speak of hyperacidity. 
Ancient physicians were unable to relate pain 
around the precordium and upper epigastrium 
with any degree of certainty to either of these 
organs. Because of the impossibility of obtaining 
autopsies they were forced to deduce diagnostic 
considerations from observations on normal 
bodies, mostly of animals. 

The chapters on “‘cardiac disease” by Caelius 
Aurelianus® demonstrate that the Roman author 


was faced with the same difficulties which any © 


contemporary physician encounters unless he 
is aided by modern diagnostic methods. On 


purely clinical evidence it is often absolutely im- 
possible to make a definite diagnosis of an acute 
disease of stomach, gallbladder or heart. To 
overcome his difficulties Caelius Aurelianus 
tried to correlate the previous literature with his 
own observations. He discussed alternate pos- 
sibilities in a manner which reminds us almost 
of a presentation at a modern clinic. 

The first chapter relating to heart disease 
bears the title, De Cardiacus. In a short intro- 
duction he confronts us at once with the diffi- 
culties of definition. He states that some 
physicians use this term to designate a disease 
which has its seat in the stomach itself or in its 
upper ending and of which a griping pain ap- 
peared to be characteristic.’ He further quotes 
that others understood cardiac disease as a 
serious condition manifested predominantly by 
weak pulse and sweating, or as we may say, by 
shock. Caelius Aurelianus intimated that some 
physicians adopted the name “cardiac’’ only 
to indicate the seriousness of the disease by an 
impressive word. ‘In our bodies the heart is 
unique and powerful and has the control of 
life.’’® 

In the next chapter, What the Cardiac Dis- 
ease Is, or How the Disease Is To Be Described,’ 
Caelius Aurelianus quoted the famous Erasis- 
tratus of the Alexandrian school (310 to 250 
B.C.)!° who, at the early period, had already 
considered cardiac disease as an inflammation 
of the heart itself. Based on this concept, the 
first famous Greek physician in Rome, Ascle- 
piades (born approximately 124 B.C.), had 


* From the University of Buffalo School of Medicine and the Section of Clinical Cardiology, Buffalo General Hos- 


pital, Buffalo, New York. 
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the idea that cardiac disease was due to a piling 


up, or stoppage, of the blood corpuscles." 
This was a stroke of lucky intuition but without 
foundation by observation. We can not deduce 
from this idea that he understood the physiologic 
events in thrombosis or circulatory shock. One 
of the medical theories of his time was that all 
diseases could be explained by the narrowing 
or opening of the pores of the body, thus facili- 
tating or slowing down the passage of the blood. 
Recent observations of the sludging of blood 
corpuscles in the capillaries during shock are a 
counterpart of this idea, but are based on pains- 
taking photomicrographic studies. As so often 
happens, the intuition of the ancients was far 
ahead of their technical means and had no 
empirical background except for some occasional 
observations. 


CIRCULATORY COLLAPSE 


Caelius Aurelianus was not satisfied with a 
summary definition of cardiac disease as such. 
In the next chapter, by careful analysis of the 
so-called cardiac disease, he arrived at different 
clinical pictures. He first wrote of signs which 
appeared during or right after acute and severe 
fevers.” He observed as characteristic signs 
among those who already were afflicted or 
who threatened to die of cardiac disease, a 
very weak and rapid pulse which reminded him 
of little waves on the surface of the water. 
Apparently, he observed imminent vascular 
collapse resulting from atrial fibrillation. Ac- 
cording to his exact description the pulse did 
not show any rhythm, but was not interrupted 
by pulseless periods. The pulse beats succeeded 
each other so fast and the little waves came so 
close together that he could hardly distinguish 
the single beats. 
circulatory collapse, he observed thirst, nausea, 
light sleep and restlessness, and, as a sign of fatal 
outcome, coldness of the extremities. Occa- 
sionally, he encountered these symptoms after 
excessive loss of blood or severe diarrhea." 
He also noticed, as abnormal features of some 
patients, a milk-white color, a flaccid and fatty 
appearance and a watery complexion.” 

In other cases he observed, besides the empty 
and small waves of a fast pulse, a peripheral 
coldness which extended over the entire body 
and caused general numbness.'* Toward the 
end when the condition worsened, the pulse 
became barely palpable and _ respirations 
became “small and gasping and unbearably 
difficult.’’'¢ 


As common in such cases of- 


In many cases sudden, unexpected, profuse 
sweating occurred over the entire body, starting 
on the face and neck. He gave a very pertinent 
description of how the first thin sweat becomes 
more and more sticky and consistent, assuming 
a penetrant odor of water which had been used 
for washing raw meat. In this state patients were 
rarely able to speak and, if at all, only with a 
trembling voice. Their lips became pale, 
their eyes sunken and the thoracic movement 
heavy. The tongue sometimes remained moist 
but often appeared parched. Shortly before 
death their vision became dim, the extremities 
appeared cyanotic and the nails seemed to 
curve.!” (This strange passage, taken out of its 
context, often has been considered as an obser- 
vation of clubbed fingers, a conclusion which 
appears unjustified.) In most cases the mind 
was unimpaired until finally the circulation 
failed. 

Fever: There is a lengthy discussion of 
fever as an essential factor of these instances 
of cardiac disease. Caelius Aurelianus con- 
cluded ‘‘that some patients with cardiac disease 
have no fever.” Especially interesting is his 
observation that fever does not occur when 
cardiac disease is caused by excessive loss of 
blood.'® It seems that the ancient physicians 
could determine the presence of fever fairly 
accurately, for Caelius Aurelianus wrote, “If 
one places one’s hand in hollow and concealed 
parts of their bodies, or over the places where 
these patients have been lying, a considerable 
amount of burning may be felt, slowly and 
steadily rising from below. This sign, in con- 
nection with panting and the hot breath and a 
desire for cold drink, is indicative of fever. In 
some cases, too, the tongue is found to be dry 
and rough.” 18 Adopting the theories of his 
teacher, Soranus, he believed that fever was 
not the cause of cardiac disease but was brought 
about by an assumed change in the state of the 
pores of the body, according to relative distance 
and arrangement of the atoms which were 
considered building stones of all tissues.!® 


THE OrGAN AFFECTED IN CARDIAC DISEASE 


This general discussion of circulatory collapse 
turns again to a more specific inquiry in the 
chapter bearing the title, The Part Principally 
Affected in Cardiac Disease. Caelius Aure- 
lianus discusses in detail which part of the body 
should be considered the actual seat of cardiac 
disease. First he gives a resumé of the literature, 
in which Erasistratus is quoted because he 
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considered the heart as principally affected. 
Caelius Aurelianus then refers to other authors 
who were considering ‘the pericardium, the 
diaphragm, adjacent parts of the lungs, the 
stomach and even the liver. Caelius Aurelianus 
insisted that, 


“the heart is found to palpitate in cases of this 
disease, and there is heaviness of the chest on 
the left side near the nipple... The disease is 
very serious, and this could not be the case un- 
less some leading and especially important part 
of the body were affected. And the heart is a 
pre-eminently important part of the body and 
is vital to bodily health, furnishing, as it does, 
blood and pneuma to all other parts.” 

“In some cases of the cardiac disease there is 
heaviness of the whole chest and not merely of 
the left side. If that is true the disease may 
arise from an affection of the pleural membrane 
or of any other neighboring part of the body, 
if diseases must be assigned to particular parts.”’*! 


He disagrees with those authors who want to 
compare cardiac disease with injuries to the 
heart. In antiquity wounds of the heart 
apparently occurred frequently because of the 
particular types of combat practices. Most of 
these injuries led to immediate death. Caelius 
Aurelianus prefers to compare the cardiac disease 
to illness: ‘“‘For if the heart is naturally consti- 
tuted in the same way as the other parts of the 
body, it is necessarily subject to affections similar 
to those of the other parts.”*? He concludes 
that disease of the heart is not necessarily fol- 
lowed by death, in contrast to injury to the 
heart. Considering that “cardiac disease”’ 
could be the expression of a general disturbance 
of the body according to some of the theories of 
the contemporary Roman schools, he wrote, 


“To avoid becoming involved in the investiga- 
tion of matters beyond our knowledge we cer- 
tainly should refrain from arguing about the 
parts chiefly affected, for this question does not 
affect our understanding of either the indication 
or the treatment of the disease, since our reme- 
dies must be directed to the body in all its 
parts.’’% 


Returning again to anatomic considerations, 
but without the foundation of postmortem exam- 
inations, he wrote that those patients who 
supposedly had an affection of the membranes 
surrounding the heart had repeated sharp 
piercing pains, whereas those with disease of the 
heart itself suffered mostly from a feeling of 
heaviness. However, since in both instances 
the parts near and around the heart were 
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involved, he questioned the value of these 
symptoms for the final diagnosis.*4 


DIFFERENTIAL D1AGNosiIs OF STOMACH AND 
HEART DISEASE 


In the next chapter he tried to explain the 
differential diagnosis between cases of disease 
of the stomach or heart.”5 He discusses whether 
a strong or weak pulse, marked palpitation of 
the heart or the occurrence of a weak heart 
beat*® (probably based on manual palpation) 
are of diagnostic importance. Although his 
conclusions are somewhat contradictory he 
appears inclined to assume a weak heart beat, 
heaviness in the chest and a choking sensation 
as significant of morbus cardiacus.%:6 On the 
other hand, he regards pain between the 
shoulder blades, salivation, vomiting and heavi- 
ness after meals as indicative of disease of the 
stomach.*6-2?7 However, “‘if both diseases occur 
at the same time, it is more difficult to make a 
reliable distinction between them, but that is no 
obstacle to treatment, for both diseases are 
treated by the same procedures.”*8 ‘For 
we do not vary our treatment according to the 
differences in the antecedent causes.’’?® 

Since currently we consider the constitutional 
and environmental factors of heart disease, 
we should not omit mentioning that Caelius 
Aurelianus observed a constitutional disposition 
to heart disease. He was aware of precipitating 
factors of such attacks. 


“The disease occurs more often in summer- 
time, in men rather than in women, in warm 
young bodies, and in those that are full-figured 
and athletic. And the antecedent causes which 
give rise to this disease are many and varied. 
The usual causes, however, are continual in- 
digestion, excessive drinking of wine, bathing 
after taking food, vomiting after dinner, and 
grief or fright in which the body is sympa- 
thetically affected and dissolved in sweat.”™ 


ANGINA PECTORIS AND CORONARY THROMBOSIS 


Caelius Aurelianus was apparently aware that 
an independent syndrome of precordial pain 
existed. He mentioned it separately from the 
picture of circulatory collapse or sudden onset 
of arrhythmias. He wrote at the conclusion of 
his treatise on cardiac disease, ““There is also a 
disease called by some Cardimona (Greek 
Cardiogmos). In this disease there is always 
pain at the mouth of the stomach, a condition 
which many laymen call pain of the heart.’ *° 
(The word Cardiogmos comes from the Greek 


Be 
| 
il 
‘fa 
4 
4 
ay! 
| 
fue 
Be 
4 


430 Siegel 


word “cardia” meaning heart and “ogmos,”’ 
crying out for pain.) It is suggestive that this 
quotation refers to angina pectoris in the sense of 
Heberden. In the eighteenth century, Heber- 
den* described in detail angina of effort and 
decubitus. He did not give an account of 
circulatory collapse as Caelius Aurelianus had 
done, or a detailed differential diagnosis of 
heart disease. This is remarkable because in a 
footnote he referred to the passage of Caelius 
Aurelianus on pain in the chest. According to 
Heberden, no other ancient author had men- 
tioned this syndrome.*! 

To summarize, Caelius Aurelianus gave an 
excellent description of circulatory collapse in 
connection with febrile diseases. He also 
seems to have observed cases of shock which 
accompany the acute onset of atrial fibrillation. 
He discussed the possible differentiation between 
primary disease of the stomach or heart. The 
cardinal symptoms of acute coronary thrombosis 
also can be found in these chapters: precordial 
heaviness,!? pain®** (especially in the left side 
near the mamilla), the choking sensation,”® 
the collapse with clear mind and poor prog- 
nosis.” 

He was guided by his clinical instinct and 
the knowledge of earlier writers. 
more detailed description of his observations 
than any other medical writer of antiquity. 
Aretaeus was probably a more dramatic writer, 
but not as good a teacher as Caelius Aurelianus. 
Because his excellent description of cardiac 
syncope must have been familiar to Caelius 
Aurelianus since it was given 300 years earlier, 
it should be quoted here :*8 


“How appropriately has the physician, how 
justly has the public voice named this disease 
‘the quick destroyer.’ For what can be more 
powerful or more rapidly fatal than syncope? 
What other name could be more expressive to 
describe its effects?) What part is more im- 
portant than the heart in its influence on life 
and death? And there is no improbability in 
syncope being a disease of the heart or an in- 
jury to the power of life which resides in it, 
such is its destructive rapidity, and such its form; 
for the disorder, being inimical to the human 
constitution, consists in a loosing of the bonds of 
vitality, on which when the disease has once 
laid its fangs, it quits not its hold until it con- 
signs the body to dissolution. And when the 
bonds of the constitution are loosed, we have 
syncope: then perspiration is profuse on every 
part of the body . . . cold, with a copious mois- 
ture about tlie nostrils; the patients are parched 


He left us a 


with thirst; for when all other parts are dried 
up, so are especially the organs that produce 
thirst, the esophagus and mouth; .. . the mind 
is serene, every sense clear, the understanding 
subtle, the judgment prophetic, for the patients 
see in the first place, that their end is approach- 
ing, and then they predict to the bystanders 
coming events. Some times people think them 
talking deliriously; but when their predictions 
come to pass, are amazed.” 


THERAPY OF CARDIAC DISEASE 


If Caelius Aurelianus devoted many chapters 
to diagnostic discussions, he still filled more 
pages with therapeutic advice. His common 
sense in the therapy of cardiac disease is remark- 
able. It is impossible to go into the endless 
and often unnecessary details. Caelius Aure- 
lianus scorned those who declared cardiac 
disease as incurable and left their patients un- 
attended. He advised the maintenance of a 
moderate room temperature by fanning and 
sprinkling of cold water; and using the odors of 
pine and other extracts to create an agreeable 
air. He recommended light bed clothes, mat- 
tresses not too soft or too hard and a wide bed. 
**Thus, while the patient is lying on one side of 
the bed, we can arrange the bedding on the 
other side. For when the patient has to be 
carried repeatedly from one bed to another he 
becomes exhausted and his illness is aggravated 
even from this littlke movement.” This is 
similar to our orders for “coronary care.” 
He continues: “Now bandage and bind the 
patient’s limbs, though not very tightly, and 
have him cease not only from bodily activity, 
but if possible also from mental concern.’’% 
This is better than tourniquets now used against 
shock to keep the circulating blood from stag- 
nating in the peripheral vessels. He further 
advised the use of cool sponges and dusting 
powders against sweating, and also anojnting 
with balsams of different sources. He chose 
these according to their expected astringent or 
loosening effect on the pores of the body con- 
forming to the prevailing theory of diseases. 
But despite the strong influence of such deductive 
reasoning his practical sense formed his judg- 
ment in therapeutic matters. He strongly 
advised against the use of drawing plasters 
on the precordium.*® He decried the use of 
hot *’ or cold baths,** of clysters except in cases 
of constipation*® and of passive exercises,*’ 
and he called the use of venesection as “no 
different from murder by cutting the throat.’’*8 
He gave many details about the diet and the 
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use of various brands of wines. His suggestions 
amount to what we would call a soft or bland 
diet. Discussion of other details of this extensive 
treatise would require a knowledge of the daily 
habits of the Roman upper class. He concludes 
his chapter on therapy with the words: “And if 
any success attends the application of the afore- 
said remedies, let the repairing of the body con- 
tinue until it is as complete as required.’’*° 
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Case Reports 


Congenital Heart Disease Associated with 
Congenital Hypofibrinogenemia 


Report of a Case Subjected to Corrective Surgery* 


JessE F. Minnis, Jr., M.D. and E. HARRISON GRIFFIN, M.D. 


Brooklyn, New York 


NGENITAL BLOOD DYSCRASIAS of the coagu- 

lation deficiency type are not included 
in the list of developmental defects frequently 
associated with congenital heart disease. A 
review of the American literature reveals no 
instance of congenital heart disease occurring 
in association with afibrinogenemia or hypo- 
fibrinogenemia; one case was suggested but 


not proved to be either cardiac or coagulation: 


Pritchard and Vann,’ reviewing the 
literature on congenital afibrinogenemia in 
1954, stated there was only one case of asso- 
ciated developmental anomaly: hair lip and 
cleft palate. 

We are reporting a patient with congenital 
hypofibrinogenemia and congenital heart dis- 
ease (pulmonic stenosis and partial anomalous 
pulmonary venous drainage) who was success- 


fully subjected to correction of the pulmonic. 


stenosis. ‘To our knowledge, this is the first re- 
ported case of this nature. 


CAsE REPORT 


A. S., a twelve year old white boy, was first ad- 
mitted to the Kings County Hospital in 1955 with 
poorly controlled hemorrhage following tooth ex- 
traction. Hematologic history was limited although 
it was noted that there had been “‘bruising and bleed- 
ing very easy” since early childhood. There was a 
history of asymptomatic heart murmur, also dating 
to early childhood, but no history of rheumatic fever. 
The cardiac murmur was described as that of pul- 
monic stenosis. An incidental finding was left 
pyelonephritis which was treated; cardiac catheter- 
ization and angiocardiography were performed 


(Table 1). The findings were interpreted as atrial 
septal defect and infundibular pulmonic stenosis. 

In July 1958 he was readmitted because of fatig- 
ability and failure to grow. There was no definite 
history of cyanosis. Family history did not reveal 
parental consanguinity. There was a history of 
“easy bruising and bleeding” in two members of the 
family. The clotting time was prolonged with poor 
clot retraction. Genitourinary studies revealed 
minimal left hydronephrosis but the function was 
satisfactory. Liver profile was normal. Cardiac 
catheterization data, presented in Table 1, revealed 
that the right ventricular pressure was almost double 
that noted in 1955; septal defect could not be 
demonstrated; the step-up in oxygen content in the 
“high right atrium” suggested partial anomalous 
pulmonary venous drainage. 

The next admission was two months later, on 
September 29, 1958. Physical examination revealed a 
well nourished, well developed male adolescent who 
was undersized, weighing 32.6 kg. Blood pressure 
was 120/70 mm. Hg, pulse 76 per minute, respira- 
tions, 18 per minute. Giant A waves were noted in 
the jugular veins. The lungs were clear. The-apical 
impulse was in the fifth intercostal space just lateral 
to the left midclavicular line. There was a harsh 
pansystolic murmur loudest at the left sternal border 
in the second and third interspaces and widely trans- 
mitted. A systolic thrill was palpable at the pul- 
monic area and was transmitted to the left side of the 
neck, toward the left shoulder and along the left 
sternal border. P» was questionably split. 

The electrocardiogram revealed mild right ven- 
tricular strain. Chest x-ray films demonstrated 
poststenotic dilatation of the pulmonary artery, right 
ventricular enlargement and slightly decreased vas- 
cularity of the lung fields (Fig. 1). Kidney and liver 
function tests were within normal limits. 


*From the Thoracic Surgical Service, Division 1, Kings County Hospital Center, Brooklyn, New York. 
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TABLE I 
Catheterization Data 


Pressures (mm. Hg) 


Content (vol. %) 


Location 


1955 1958 1959 


1958 


Inferior vena cava 
Superior vena cava 
Right atrium 
High 
Mid ary 3 7 
Low 
Right ventricle 
Pulmonary artery 


61/8 
22/10 


95/3 
12/6 
128/80 


Brachial artery 120/74 


11 
9.6 


11.2 
9.5 
10.4 
10.4 14.1 
(71% saturation) (78% saturation) 
13.4 17.3 
(92% saturation) (94% saturation) 


Hematologic evaluation showed that the Rumpel- 
Leede phenomenon was negative; there was normal 
bleeding time, prothrombin consumption and throm- 
boplastin generation; platelets were over 200,000 
per cu. mm.; prothrombin time was slightly in- 
creased. The clotting time was twenty-two minutes 
(Lee-White) with poor clot retraction and marked 
fragmentation. Plasma fibrinogen level was 40 mg. 
per 100 ml. (normal range is 200 to 475 mg. per cent; 
values less than 180 mg. per cent are considered to be 
definitely pathologic). Hemoglobin was 14.5 gm. A 


Fic. 1. Preoperative x-ray film 
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diagnosis of congenital hypofibrinogenemia was con- 
sidered. 

Surgical Treatment and Findings: It was decided that 
the patient should be subjected to pulmonic valvot- 
omy if there were a satisfactory response to fibrino- 
gen therapy. The patient received 1 gm. of fibrino- 
gen infusion daily from October 8 through October 14, 
1958. The clotting time on October 13 was seven 
minutes. The plasma fibrinogen level immediately 
preoperatively was 180 mg./per 100 ml. and the 
clotting time six minutes. 


Fic. 2. X-ray film of the chest obtained fourteen 
months after operation, 
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On October 15, 1958, the patient was subjected to 
surgery under hypothermia (31° to 32°c.). Attention 
was directed to meticulous hemostasis. Examination 
of the heart confirmed the diagnosis of pulmonic 
valvular stenosis. The right atrium was explored 
digitally through its appendage; anomalous venous 
drainage from the right middle lobe was discovered 
but no septal defect palpated. Inflow and outflow 
occlusions were accomplished and the classic dome- 
shaped valve of congenital pulmonic stenosis was in- 
cised to the annulus by three radial incisions through 
a supraventricular incision in the pulmonary artery. 
Digital exploration of the right ventricle revealed 
concentric outflow hypertrophy but no true infun- 
dibular stenosis. 

Infusion of fibrinogen was maintained slowly from 
the time of incision of the skin. No abnormal bleed- 
ing was noted until immediately following valvotomy. 
Clotting time just prior to inflow occlusion was seven 
minutes; no significant fragmentation of the clot 
was noted. During repair of the pulmonary arteriot- 
omy a generalized ooze became apparent and the 
mediastinal tissues appeared to be suffused with blood. 
Fibrinogen was administered rapidly. The hemor- 
rhagic ooze subsided after a total of 5 gm. was ab- 
sorbed; however, correction of the anomalous venous 
drainage from the right middle lobe was deemed too 
hazardous. A sixth gm. of fibrinogen was adminis- 
tered slowly. Intrapleural catheters were placed 
and the wound was closed. 

Postoperatively the anemia was corrected; no 
further fibrinogen infusion was necessitated. Platelet 
determinations remained within normal limits. The 
patient was discharged three weeks later. 

Postoperative Findings: The patient was readmitted 
in December 1959, fourteen months postoperatively, 
for cardiac re-evaluation. He was asymptomatic, 
claiming exercise tolerance comparable to that of his 
friends. Weight was 36 kg., a gain of 3.4 kg.; there 
was a gain in height of about 2cm. A phonocardio- 
gram revealed that the pulmonic component of the 
second sound followed the aortic by 0.04 second (pre- 
operatively it was 0.08 second). The electrocardio- 
gram revealed an axis of 100°, as compared with 120° 
preoperatively. Catheterization data are presented 
in Table 1. The right ventricular hypertension, 
although diminished, persisted. It suggested infun- 
dibular stenosis or outflow hypertrophy aggravated 
by the small left to right shunt from the partially anom- 
alous pulmonary venous drainage (Fig. 2). 


COMMENTS 


Congenital afibrinogenemia is a rare disease. 
There are twenty-six reported cases.* It is 
characterized by an absence of circulating 
fibrinogen. Men are afflicted predominately 
in ratio of 2:1. Consanguinity of parents and/ 
or grandparents occurs in about one-third of 
the cases. Hemorrhagic diathesis in the rela- 


Minnis and Griffin 


tives of seven patients has been reported. Bleed- 
ing time is variable but frequently within nor- 
mal limits; sedimentation rate is low in about 
half the cases; platelets are usually normal; 
clotting time is markedly prolonged and if a 
clot is formed it fragments completely.'~4 
Although hemorrhage is a prominent feature, 
usually dating from a very early age, it is a 
lesser problem than in hemophilia.* It is 
evident that coagulable blood is not essential 
for at least some degree of hemostasis.*® 

“Constitutional hypofibrinogenemia’”’ has 
been described.*® It is characterized by ex- 
tremely low plasma fibrinogen levels, bleeding 
gums, purpura, moderate thrombocytopenia 
and normal bleeding and clotting times. A 
total of five cases are cited. 

Acquired fibrinogenopenia is widely reported. 
The multiple etiologic diseases are the follow- 
ing: (1) cancer, especially prostatic, when there 
is metastasis? of the bone marrow and _ bron- 
chogenic carcinoma’; (2) liver and _ biliary 
disease?.**; (3) certain obstetric emergencies 
such as abruptio placenta, amniotic fluid in- 
fusion or the dead fetus syndrome®; (4) 
following massive transfusions, particularly in 
surgical patients’; (5) cyanotic heart disease!."; 
(6) hemolytic anemia?; and (7) “purpura 
fulminans.”’? Phillips et al.%!° have postulated 
that hypofibrinogenemia in surgical and ob- 
stetric patients results from either hydrolysis 
by a fibrinolysin activated by tissue extracts 
or from deposition as fibrin emboli. Because 
of the presence of fibrinolysin and active pro- 
teolytic enzymes! in the plasma of surgical 
patients, levels of plasma fibrinogen higher 
than 100 to 150 mg. per 100 ml. (usually con- 
sidered minimal for hemostasis)* may be re- 
quired in patients undergoing extensive sur- 
gery.° 

It is estimated that 100 mg. of fibrinogen 
per kg. of body weight will raise the plasma 
concentration of an afibrinogenemic patient 
to approximately 200 mg. per 100 ml.” The 
level rises promptly; however, only one-half 
remains after forty-eight hours. During an 
operative procedure, our experience has con- 
vinced us that the dosage of fibrinogen is best 
judged empirically by the hemostatic response 
of the wound surfaces. 

The incidence of congenital hypofibrino- 
genemia is not known. Its characteristics, 
other than low plasma levels of fibrinogen and 
prolonged clotting time, have not been defined. 
Wintrobe* mentions the entity of congenital 
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hypofibrinogenemia; however, he does not 
elucidate whether it is a totally different disease 
or just a less severe form of afibrinogenemia. 
Traces of fibrinogen have been detected in the 
plasma of at least two cases of congenital 


afibrinogenemia, utilizing immunochemical 
methods. Pritchard and Vann? state that 
congenital afibrinogenemia must be dif- 


ferentiated from hypofibrinogenemia and cite 
four cases of hypofihrinogenemia occurring in 
relatives of the parents of patients having afi- 
brinogenemia. Schulman and Currimbhoy” ob- 
serve that “‘congenital hypofibrinogenemia ap- 
parently also occurs.” The case herein re- 
ported is similar to recorded cases of congenital 
afibrinogenemia, confirmed by the history of 
bleeding tendency in early childhood and the 
absence of those diseases which have been known 
to predispose to acquired hypofibrinogenemia. 
Cyanosis was never noted while our patient 
was in the hospital or clinic and there was no 
record of polycythemia. 

In the case reported, it was our opinion pre- 
operatively that surgical correction for the 
anomalies should be undertaken under direct 
vision, particularly because atrial septal defect 
remained a possibility. The use of cardio- 
pulmonary bypass technic would necessitate 
the use of heparin, a potent anticoagulant. 
Hemorrhagic diathesis occasionally occurs dur- 
ing and’ immediately after surgery performed 
under hypothermia.'® Impairment of coagula- 
tion, primarily, is uncommon. For this reason, 
we believed that hypothermia and occlusion 
of inflow would be the procedure of choice. 
The anomalous venous drainage was not cor- 
rected because the risk, at the time, was too 
great in view of the small shunt that remained. 


SUMMARY AND CONCLUSIONS 


A case of congenital hypofibrinogenemia 
with associated congenital heart disease suc- 
cessfully subjected to operative correction of the 
major defect is presented. Hypothermia with 
occlusion of inflow in our opinion, is the pro- 
cedure of choice in cases of severe coagulation 
deficiencies when the cardiac defect is of a type 
amenable to this technic. 

Bleeding and clotting times, as scanning tests, 
should be performed on all patients on whom 
extensive surgery is anticipated; however, 
it must be stressed that a detailed history and 
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thorough physical examination may evoke 
suspicion of those hemorrhagic syndromes in 
which values for these two tests are within 
normal limits.’6 In this way coagulation defi- 
cits may be discovered, the exact factor at 
fault determined and surgery planned accord- 


ingly. 
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Cor Triatriatum 


Successful Diagnosis and Surgical Correction in 
a Three Year Old Girl* 


Ray C. ANDERSON, M.D. and RicHARD L. VARCO, M.D. 


Minneapolis, Minnesota 


OR TRIATRIATUM, as its name implies, involves 
C a third atrial chamber. In the majority 
of cases this chamber represents a dilated com- 
mon pulmonary vein with a stenotic orifice 
communicating with the left atrium proper 
(often and more descriptively termed “stenosis 
of the common pulmonary vein’). Other 
variants grouped under cor triatriatum include 
cases with anomalous bands in the left atrium 
or an accessory septum in the right atrium. 
Niwayama! recently reviewed in detail thirty- 
eight cases of stenosis of the common pulmonary 
vein including five of his own, and presented a 
classification based on the size of the opening 
in the intra-atrial septum and on patency and 
location of the foramen ovale. 

Cor triatriatum in adult patients has been 
successfully corrected,?—> including one patient 
from this hospital,® but no references to successful 
diagnosis and correction in children have been 
encountered. Gousios and Cotton’ described 
a two year old girl with coarctation of the aorta 
and an additional defect suspected of being 


either congenital mitral stenosis, a congenital. 


band across the atrium or an underdeveloped 
left ventricle; postmortem examination dem- 
onstrated coarctation of the aorta and a 
constrictive band (cor triatriatum). 

The following case report constitutes a typical, 
severe case of cor triatriatum in a young child, 
successfully diagnosed and surgically corrected, 
and is presented together with preoperative 
and postoperative right heart catheterization 
data. 


REPORT 


This three year old girl was referred by her family 
physician for cardiac evaluation on March 3, 1959. 


A heart murmur had been heard two months earlier 
when she was hospitalized with pneumonia. In 
retrospect, the parents thought the girl always tended 
to have a rapid heart rate and heavy respirations 
and tired more easily than her playmates. In addi- 
tion, duskiness of the lips had been noted two months 
prior to pneumonia. The child had always had fre- 
quent upper respiratory infections and for six months 
had been treated for anemia. Another feature, one 
not appreciated until after surgery, was her general 
irritability. The parents and two siblings were in 
good health. 

On examination, she appeared chronically ill, with 
pallor and questionable mild cyanosis. Weight was 
25!/2 pounds and height was 36 inches. There was 
minimal precordial bulge. Lungs were clear to 
auscultation. Cardiac activity appeared increased 
but no thrills were palpable. A grade 2 systolic mur- 
mur of medium pitch and nonspecific quality was 
heard at the apex. The second heart sound was 
broad (questionably split) and greatly accentuated 
over the pulmonic area. Blood pressure was 90/50 
mm. Hg in the right arm and 90/56 mm. Hg in the 
right leg. The liver was palpable 3 cm. below the 
right costal margin but was not tender to palpation. 

Roentgenograms (Fig. 1) revealed moderate cardio- 
megaly, with apparent left atrial enlargement and 
pulmonary vascular markings that were slightly in- 
creased. Whether this increase in vascular markings 
was primarily venous or arterial could not be deter- 
mined. The electrocardiogram (Fig. 2) exhibited right 
axis deviation and marked right ventricular hyper- 
trophy. 

Catheterization Findings: The clinical impression 
was severe pulmonary hypertension, secondary 
to a left to right shunt or left-sided disease. Right 
heart catheterization was performed on April 17, 
1959, and revealed severe pulmonary hypertension 
and a markedly elevated pulmonary wedge pressure 
(mean of 35 mm. Hg), with no evidence of left to 


right or right to left shunts (Table 1). Selective 


* From the Departments of Pediatrics and Surgery, University of Minnesota Hospitals, Minneapolis, Minnesota. 
This study was aided by a grant from the Minnesota Heart Association. 
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Fic. 1. Roentgenogram taken on March 3, 1959. Patient was three years of age. A, posteroanterior view. Note 
mild cardiomegaly and mild prominence of pulmonary vascular markings (venous). B, lateral view. Note mild pos- 
terior displacement of esophagus, suggesting some degree of left atrial enlargement. 
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Fic. 2. Electrocardiogram taken on March 3, 1959. Patient was three years of age. Note right axis deviation and 
marked right ventricular hypertrophy (high voltage R waves in leads V4R and Vi, with inverted T waves from lead 
to V4). 


angiocardiography was performed from the right Surgical Findings: On the basis of these findings a 
ventricle. The opaque medium took an essentially diagnosis of cor triatriatum was made _ The only 
normal course through the lings and lett side of the disturbing feature was the presence of apparent left 
heart, except that the pulmonary veins appeared to atrial enlargement on the roentgenogram (Fig. 
be entering the lett atrium more medially and su- 1B). However, this enlargement was considerably 
periorly than usual. However, opacification of the less than would be expected from a mitral lesion with 
pulmonary veins was not adequate for critical inter- comparable pulmonary hypertension at this age. 
pretation. Surgery was performed on August 4, 1959, using 
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TABLE I 
Right Heart Catheterization Data 


Oxygen 
Saturation 
Pressure Oxygen (%) 
Location (mm, Content 
Hg) vol. %) 
( Van | Oxim- 
Slyke | etry 
Preoperative: April 17, 1959 
10.2 68 69 
54 
10/5 (6) 69 
85/0/5 64 
85/34 (60) 9.8 65 65 
PA wedge | 38/33 (35) 
oF 14.8 97 98 
Postoperative: May 2, 1960 
63 
7/4 (6) 73 
39/0/3 78 
34/12 (20) 13.1 72 73 
PA wedge | 9/7 (8) 
ee 18.0 99 100 


* Radioactive methyl iodide inhalation tests were 
negative for left to right shunts, sampling being taken 
from the pulmonary artery and the right ventricle. 


cardiac bypass. The pulmonary veins were found 
to be very tense. They drained into a third atrium, 
which in turn communicated with the left atrium 
proper through a 5 mm. opening. The septum be- 
tween this third atrium and left atrium proper was 
surgically excised under direct vision. No other 
cardiac abnormality was present. 

Postoperative Course: Dyspnea and cyanosis were. 
present postoperatively, and on the fourteenth post- 
operative day severe right heart failure developed. 
This responded to medical measures and the patient 
was discharged from the hospital on the twenty- 
sixth postoperative day with good color and no signs 
of cardiac failure. The pulmonic component of the 
second heart sound was still very prominent at this 
time. In the next three months the patient did ex- 
ceedingly well, and was described by the parents as 
an entirely different girl who was now happy and 
playful. She had gained 5 pounds in the interim. 
The administration of digitalis had been discontinued. 
On physical examination cardiac activity was normal, 
with no murmurs and only minimal accentuation of 
the pulmonic component of the second sound. 

Follow-up Examination: She was rehospitalized on 


May 2, 1960, for repeat right heart catheterization.’ 


Her health had been excellent and she had gained 


Anderson and Varco 


Fig. 3. Postoperative roentgenogram taken on May 3, 
1960. Patient was four years of age. Posteroanterior 
view. Cardiac size about normal. 


an additional 5 pounds (weight now 37!/2 pounds 
and height now 40 inches). No murmurs were heard 
and the second heart sound showed normal variable 
splitting and normal intensity of its pulmonic com- 
ponent. Roentgenograms revealed borderline car- 
diomegaly and normal pulmonary vascular markings 
(Fig. 3). The electrocardiogram (Fig. 4) continued 
to exhibit right ventricular hypertrophy but of a much 
lesser degree. Right heart catheterization demon- 
strated a normal pulmonary wedge pressure (mean 
of 6 mm. Hg) and minimal residual elevation in 
pulmonary artery and right ventricular pressures 
(Table 1). No shunts were found. 


CoMMENTS 


Although cor triatriatum is a relatively rare 
cardiac defect, it is a correctable malformation, 
and as such deserves particular emphasis. 
The majority of patients die within the first two 
years of life.! Therefore, if these lives are to be 
salvaged, early diagnosis and treatment are 
mandatory. The severity of clinical symp- 
tomatology is related to the size of the stenotic 
orifice, and the symptoms are those of pul- 
monary venous and arterial hypertension. 

In patients with a small orifice, symptoms 
appear in early infancy, progress rapidly and 
death often occurs within several days or weeks. 
Dyspnea, feeding difficulties and failure to 
thrive are the principal features.’ In two or 
three year old children anorexia and _ irrita- 
bility may be present. In older children, 
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Fic. 4. Postoperative electrocardiogram taken on May 3, 1960. Patient was four y 


age. Right ventricular 


hypertrophy still present, but less striking. T waves now positive from lead V2 to V¢. 


cough and “pneumonia” (pulmonary edema) 
may occur initially. Dyspnea typically occurs 
in persons of all ages and is often the only symp- 
tom in older children and adults with a larger 
orifice. In severe cases growth retardation is 
demonstrated as are signs of pulmonary edema 
(rales) or right heart failure (hepatomegaly, 
peripheral edema, cyanosis). A_ precordial 
bulge may occur if there is considerable cardio- 
megaly. Although murmurs frequently are 
present, they are variable in time, quality and 
location; the only consistent auscultatory find- 
ing is an accentuated pulmonic component 
of the second sound.’ On _ roentgenograms 
cardiomegaly is demonstrated, mainly right 
ventricular, and roughly proportional to the 
degree of symptomatology. The pulmonary 
vascular markings are prominent, but their 
primarily venous nature may not be recognized. 
Although typically not enlarged, the left atrium 
may sometimes appear prominent! (as in the 
case presented herein). Right ventricular hy- 
pertrophy and right atrial enlargement (peaked 
P waves) are the typical electrocardiographic 
findings, and these may correlate with the degree 
of stenosis. At right heart catheterization, 
there is pulmonary hypertension with elevated 
pulmonary wedge pressure; if measured, left 
atrial pressure will be found to be normal. 
Selective angiocardiography from the right 
ventricle or pulmonary artery should be helpful, 
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but reports of its use in this defect are lacking. 
In the present case angiocardiography was only 
of limited help due to poor detail. In one of 
Niwayama’s cases! death occurred in an infant 
immediately after the injection of opaque 
medium in the pulmonary artery, suggesting 
caution in the use of this technic. 

Differeniial Diagnosis: Cor triatriatum in older 
children and adults should be identified rela- 
tively easily, since the clinical picture will have 
had time to resolve itself into a fairly stereotyped 
pattern with the features described previously. 
Differentiation from primary pulmonary hyper- 
tension and pulmonary hypertension associated 
with shunts is accomplished by the demonstra- 
tion of a high pulmonary wedge pressure. 
An enlarged left atrium will nearly always be 
present in older patients with elevated wedge 
pressures secondary to mitral valve abnor- 
malities. 

In infants the differential diagnosis presents 
great problems, and the patient may even be 
initially viewed as having a pulmonary rather 
than a cardiac problem. Congenital mitral 
stenosis generally produces only a_ systolic 
murmur in infants and involves no left atrial 
enlargement.® Cardiac catheterization findings 
may be similar, except that left atrial pressure 
will be elevated if this measurement can be 
made. Congenital mitral stenosis commonly 
has an associated patent ductus arteriosus or 
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aortic stenosis. Endocardial fibroelastosis gen- 
erally produces a pattern of left ventricular 
hypertrophy on the electrocardiogram, but the 
rare case of right ventricular hypertrophy and 
pulmonary hypertension may present difficulties 
in diagnosis. However, such cases should have 
appreciable left atrial enlargement. Infants 
with total anomalous pulmonary venous connection 
in whom the systemic connection is rudimen- 
tary or exceedingly long (as with infradiaphrag- 
matic connection) will present the picture of 
pulmonary venous obstruction also, but cyano- 
sis tends to be more prominent in these patients. 

Cases with associated atrial septal defect may 
have variable findings.’ If a defect or patent 
foramen ovale is located between the extra 
chamber and right atrium, a left to right 
shunt will occur. A widely patent foramen 
ovale or defect between the lower left atrial 
chamber and right atrium may permit a right 
to left shunt, with clinical cyanosis. In re- 
lated cases with a completely obstructed pul- 
monary vein but anomalous systemic venous 
connections, the picture will be that of total 
anomalous pulmonary venous connection. Of 
these, those patients with small or rudimentary 
systemic connections will have signs of intense 
pulmonary obstruction and will show gross 
cyanosis. Cor triatriatum may occur in combi- 
nation with other cardiac anomalies, with 
further alteration in the clinical and laboratory 
findings. 

In patients of any age, the presence of pul- 
monary hypertension should alert the clinician 
to the possibility of cor triatriatum. The 
finding of an elevated pulmonary wedge pressure 
is highly suggestive of the defect, and if combined 
with a normal left atrial pressure, is pathegne- 
monic. 

Surgical exploration for cor triatriatum defect 
is advisable in all patients with a greatly elevated 


pulmonary wedge pressure, particularly if left - 


atrial size appears near normal. 


SUMMARY 


Successful diagnosis and surgical repair of a 
cor triatriatum defect (stenosis of common pul- 
monary vein) in a three year old girl is described. 
Prior to surgery severe pulmonary hypertension 
was found at right heart catheterization, with a 
mean pulmonary artery wedge pressure of 35 
mm. Hg. Nine months after surgery there 


was a normal mean pulmonary artery wedge 
pressure of 6 mm. Hg. Except for a transient 
but severe episode of cardiac failure in the 
immediate postoperative period, the patient 
showed an excellent response to surgery. 

This case illustrates the typical clinical fea- 
tures of cor triatriatum as seen in young chil- 
dren. The symptoms and signs are those of 
pulmonary venous and arterial hypertension, 
and are related to the size of the stenotic orifice. 
Dyspnea is a central feature in persons of all 
ages. The majority of patients die within the 
first two years of life, often after a relatively 
short period of symptoms. In such cases 
differentiation from congenital mitral stenosis, 
endocardial fibroelastosis, anomalous pulmonary 
venous connection or primary pulmonary disease 
may be difficult. However, at any age, clinical 
evidence of pulmonary hypertension and the 
finding of an elevated pulmonary artery wedge 
pressure are highly suggestive; and if associated 
with normal left atrial pressure, are © pathogno- 
monic for this anomaly. 

Although comparatively rare, cor triatriatum 
is easily and completely corrected by surgery 
and therefore deserves particular emphasis. 
Surgical exploration for this defect is justified in 
patients with high pulmonary artery wedge 
pressure and near normal size of the left atrium. 
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Ventricular Tachycardia Responding 
Solely to Digitalis Therapy" 


RicHARD J. GREENWOOD, M.D. and Davip FINKELSTEIN, M.D., F.A.C.C. 


Philadelphia, Pennsylvania 


| pre ARTICLES HAVE revived interest in the 
question of the advisability of the adminis- 
tration of digitalis in ventricular tachycardia.\” 
QRS aberration in supraventricular tachycardia 
occurs frequently and may make differentia- 
tion from ventricular tachycardia an electro- 
cardiographic problem. Resolution often de- 
pends upon demonstrating conducted atrial 
beats. Recognition of atrial activity in parox- 
ysmal tachycardia may be difficult inroutineelec- 
trocardiographic leads. Frequently such ac- 
tivity may be demonstrated in the electrocardio- 
gram by special procedures as carotid sinus pres- 
sure or special leads such as esophageal leads de- 
signed to expose such activity. The distinction 
between supraventricular and ventricular tachy- 
cardia is of more than academic interest. It is 
essential in outlining therapy and evaluating 
prognosis. 


Digitalis is indicated in supraventricular - 


tachycardia;. quinidine or procaine amide in 
ventricular tachycardia. However, the rigidity 
of this therapeutic doctrine is not absolute. 
Some authors have revealed that digitalis pro- 
duces conversion of ventricular tachycardia in 
desperate cases.* Others have not noted any 
detrimental effect when the drug has been given 
concurrently with other agents.‘ Exact diag- 
nosis of the arrhythmia has not always been 
available in cases reported to respond to digi- 
talis. 

The following is a well documented case of 
ventricular tachycardia treated solely with digi- 
talis. 


CasE REPORT 


A sixty year old man was admitted to the accident 
ward at 4:00 a.m. with a chief complaint of shortness 
of breath and rapid heart beat. He stated that he 
had been well until four days ago when he had 
returned home from work during the morning with a 


feeling vaguely described as “being sick.” The 
evening of that day he had noted the onset of fever 
with chills and shortness of breath. During the 
night he experienced an abrupt change in the rate of 
his heart; it became quite rapid. During the next 
days a cough productive of yellow sputum with 
occasional blood streaks developed and he continued 
to have chills and fever. He had some epigastric 
pain associated with and worsened by the cough and 
had vomited a clear fluid several times. He had 
received injections of antibiotics by his physician 
without benefit. The rapid heart rate had not 
changed, according to the patient’s observation, up 
to the time of his hospital admission. 

Examination revealed an acutely ill man with a 
temperature of 102°F., and pulse over 200 per 
minute and respirations of 40 per minute. There 
was moderate but not marked cervical venous 
distention which disappeared when he sat on the 
edge of the bed. The blood pressure was 90/70 
mm. Hg. The heart was slightly enlarged on 
examination and demonstrated the tachycardia 
with variable intensity of the heart sounds. There 
were no murmurs. The lungs revealed expiratory 
and inspiratory wheezes with scattered rales and 
rhonchi. The abdominal examination revealed 
tenderness in the right upper quadrant but no 
palpable liver or spleen. Distal pulses were present 
and the extremities were not cold. 

A blood count revealed a hemoglobin of 13.3 gm. 
per cent with a white cell count of 11,500 per cu. 
mm. and 64 per cent neutrophils. The sputum smear 
showed predominantly gram-positive diplococci al- 
though the cultures of both sputum and blood were 
later reported as showing no growth. The x-ray 
film of the chest obtained on admission demonstrated 
poorly defined, almost homogeneous densities in the 
right lung field with similar lesser densities in the 
left lung field. The heart was slightly enlarged but 
exact evaluation was not possible in the single film 
because of moderate scoliosis. Pulmonary vascular 
shadows were increased. The appearance suggested 
pulmonary edema or bronchopneumonia more 
marked on the right side. The electrocardiogram 
obtained on admission is shown in Figure 1. 


* From The Graduate Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania. 
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Fic. 1. A, the limb leads show a tachycardia and the configuration of left bundle branch block. B, the ineffective- 
ness of carotid sinus pressure is demonstrated. Upper strip, right side. Lower strip, left side. C, Lead V2 shows a 
probable fusion beat at every sixth QRS complex. The rhythm is slightly irregular and there is evidence of independ- 
ent atrial rhythm; rate 215 per minute. 


Fic. 2. Esophageal leads at various levels and simultaneous limb leads. An independent atrial rhythm at a rate 
of 110 per minute with a ventricular rate of 214 per minute is clearly seen at the 27 and 32 cm. levels. 


i! 


Treatment was begun in the accident ward with intravenously in an initial dose of 0.8 mg. Following 
nasal oxygen and, on the basis of an electrocardio- transfer to the ward, the patient’s clinical condition 
graphic interpretation of supraventricular tachy- remained stable; no evidence of shock developed. 
cardia with aberration, deslanoside was administered Penicillin therapy was initiated. Carotid sinus 
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Fic. 3. A, lead 1 shows fusion beats at every sixth QRS. Careful observation and comparison with the esophageal 


leads in Figure 2 demonstrates a P wave before each fusion complex. 


B and C, lead V; before and after conversion. 


Note the similarity of the ventricular extrasystolic complexes after conversion to the complexes of the arrhythmia. 


This is also seen in the limb leads (D). 


pressure was applied several times without producing 
any change in the rate or the rhythm (Fig. 1). The 
intravenous deslanoside was continued in a dose of 
0.4 mg. at two hour intervals. Approximately five 
hours after the initiation of digitalis therapy an 
esophageal electrode was passed and the tracings 
shown in Figure 2 were obtained. Carotid sinus 
pressure was applied while the electrode was in 
place, again with no response, and the electrode was 
withdrawn. 

Several minutes later, the patient commented that 
his heart, rate had slowed. His pulse was 92 per 
minute and irregular, blood pressure 11070 mm. Hg 
and temperature 101.8°r. The electrocardiograms 
in Figure 3 were obtained. He had received a 
total of 1.6 mg. of deslanoside within five hours; 
the last dose one hour before the change in rate. In 
view of the response, the patient was then given 
digitalis leaf orally and no other cardiac drugs were 
administered. 

Blood electrolyte values obtained soon after 
admission and prior to conversion were as follows: 
carbon dioxide, 17 mM; chloride 94 mEq./L.; 
sodium, 132 mEq./L. and potassium, 4.1 mEq./L. 
The sugar and blood urea nitrogen were within 
normal limits. The serum glutamic oxalacetic 
transaminase was 28.5 units. Serologic reaction for 
syphilis was positive. 

The fever and findings in the chest previously 
mentioned responded slowly to penicillin therapy 
over several days. There was no abrupt change in 
the chest. Repeat x-ray findings of the chest three 
days later confirmed nearly complete clearing of the 
densities in the lung fields.’ The heart appeared 
smaller in size. 

On discharge he was given digitalis leaf, 100 mg. 
daily. He has been maintained on this drug during 
the past two and a half years without evidence of 
recurrence of the arrhythmia or heart failure. 
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Note that the extrasystolic ventricular rate in V; after conversion is 43 per 
minute and the complexes are not related to the sinus beats. 


COMMENTS 


This patient was admitted with a rapid 
rhythm. The rate of 210 per minute although 
rapid for ventricular tachycardia is within the 
reported range.5 The criteria for ventricular 
tachycardia® are fulfilled by the electrocardio- 
grams of this patient, namely: ventricular beats 
of bizarre contour with a prolonged QRS dura- 
tion of more than 0.12 second and the T wave 
opposite in direction to and continuing from the 
QRS complex, P waves identified at an inde- 
pendent and slower rate, occasional conducted 
beats with the QRS complex less prolonged than 
the beats of the tachycardia and the presence of 
ventricular fusion beats with configuration be- 
tween ectopic and sinus impulses with no sub- 
sequent evidence of the pre-excitation syndrome. 
The QRS complexes are bizarre and have the 
configuration of left bundle branch block. The 
presence of fusion beats which appear to occur at 
appropriate intervals in relation to atrial beats 
is demonstrated. Sinus capture beats are not 
seen in the available electrocardiograms, pos- 
sibly because of the rapid ventricular rate. 
Extrasystolic ventricular beats occurring after 
conversion to sinus rhythm resemble the com- 
plexes of the tachycardia. The diagnosis of 
ventricular tachycardia seems definite. 

The only therapeutic agent this patient re- 
ceived was digitalis. No other cardiac drug was 
administered or has been found necessary since 
cessation of the rapid rhythm. The temporal 
relationship, the cessation of the tachycardia one 
hour following the last intravenous dose of des- 
lanoside, corresponds to that expected for the 
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onset of maximal action of the drug.’ In view 
of the persistence of the tachycardia for nearly 
four days before admission to the hospital and 
the observed duration of seven hours in the hos- 
pital, it seems unlikely that conversion to nor- 
mal sinus rhythm would have been spontaneous 
and unrelated to the administration of digitalis. 
The initial postconversion electrocardiogram 
(Fig. 3) shows extrasystolic ventricular com- 
plexes occurring at the regular rate of 43 per 
minute without relation to the sinus beats and 
suggests a parasystolic focus. Although many 
speculations could be advanced about digitalis 
causing a slowing of the ventricular focus until a 
sinus mechanism could resume control these are 
not justified on the basis of a single case. Con- 
version of the ventricular tachycardia by digitalis 
in this patient appears most probable. 

Previous reports of digitalis therapy in the 
treatment of ventricular tachycardia have been 
scanty and were recently summarized.' The 
principal objection to the use of digitalis seems 
to be the frequency of ventricular arrhythmias 
with toxic doses of the drug. This objection 
might also apply to quinidine or procaine 
amide.? Suggestions have recently been made 
that digitalis should not be withheld in ven- 
tricular tachycardia if failure supervenes.® 
This unique case demonstrates the ability of dig- 
italis alone to convert ventricular tachycardia 
to normal sinus rhythm. ‘This single observa- 


tion cannot lead to any recommendation con- 
cerning the use of digitalis in this arrythmia. 
Further cautious therapeutic trials with digitalis 
are necessary before rejecting conyentional 
prohibitions. 


SUMMARY 


A case of a patient with ventricular tachy- 
cardia which was converted to normal sinus 
rhythm following the administration of digitalis 
as the sole therapeutic agent is reported. 
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Intractable Ventricular Tachycardia 


Unusual Mode of Conversion to Normal Rhythm 


Following Intravenous Procaine Amide* 


Raymonp J. KoKowiIcz, M.D., F.A.C.C. 


Detroit, Michigan 


Bee FOLLOWING CASE of prolonged ventricular 
tachycardia is of interest because of the 
large dose of intravenous procaine amide re- 
quired for conversion to normal rhythm. The 
procedure was suggested by a recent report by 
Embree and Levine;! however, the technic em- 
ployed was somewhat different. The unusual 
mode of conversion noted in the electrocardio- 
grams was also of interest. 


CaAsE REPORT 


The patient, a white man aged thirty-seven, was 
first admitted to Holy Cross Hospital on February 
15, 1959 because of retrosternal pain and pain in the 
left arm of fifteen minutes’ duration. Serial electro- 
cardiograms showed signs of acute anterolateral 
subendocardial ischemia which disappeared in one 
week. The patient was treated with the anticoagu- 
lant phenprocumon (Liquamar®) and was dis- 
charged on February 28. 

He was readmitted the following morning, March 1, 
1959, because of collapse and severe pain in the 
chest. Serial electrocardiograms were indicative of a 
massive anteroseptal and anterolateral infarction. 
SGO-T and erythrocyte sedimentation rate rose to 
abnormal levels. The hospital course was uneventful 
and the patient was discharged on March 20, 1959. 
Anticoagulant therapy was continued following 
discharge. 

Initial Attacks of Paroxysmal Tachycardia: The 
patient’s course was without incident until May 2, 
1959, when he was readmitted because of crushing 
pain in the chest, nausea, blood-tinged vomitus 
and palpitations. An electrocardiogram revealed 
ventricular tachycardia, rate 190, apparently originat- 
ing from a left ventricular focus (Fig. 1A). This 
readily reverted to normal sinus rhythm after ad- 
ministration of four doses of 250 mg. of procaine 
amide (Pronestyl®) intramuscularly at two-hour 
intervals. 

Serial electrocardiograms after conversion did not 
reveal fresh infarction. SGO-T levels were elevated 
to 148 units during the first three days of hospitaliza- 
tion but the erythrocyte sedimentation rate remained 


* From the Holy Cross Hospital, Detroit, Michigan. 
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within normal limits. His course was further 
complicated by an initial prothrombin time of 80 
seconds and evidence of loss of blood (hematocrit 
32 per cent and hemoglobin 9.7 gm. per 100 ml.). 
The elevated prothrombin time was readily returned 
to therapeutic levels with vitamin K; (Mephyton®). 
One unit of whole blood was administered to replace 
the blood lost and to avoid coronary artery in- 
sufficiency secondary to the anemia. An upper 
gastrointestinal series failed to reveal any abnormality. 
The patient was maintained on phenprocumon and 
quinidine sulfate, 0.6 gm. orally daily during his 
hospital stay and discharged on this dosage on May 
15, 1959. 

The patient was able to carry on his usual activities 
until July 15, 1959 when he was readmitted to the 
hospital with another attack of ventricular tachy- 
cardia arising from a similar left ventricular focus. 
This was readily converted to normal sinus rhythm by 
the addition of 0.6 gm. of quinidine sulfate to the 
maintenance dose over a two-hour period. He was 
discharged on July 17, 1959. His course was 
subsequently uneventful except for brief episodes of 
palpitation which the patient would control by 
taking an additional 0.2 gm. of quinidine sulfate 
orally. 

Numerous electrocardiograms were obtained sub- 
sequently; results were essentially the same as 
those on February 21, 1960 (Fig. 1B) indicative of a 
previous anteroseptal infarct with probable antero- 
lateral extension and ventricular aneurysm. 

Persistent Ventricular Tachycardia: On February 18, 
1960 he sustained another bout of persistent rapid 
heart action (Fig. 1C). This abnormal rhythm 
differed from the previous ones. Normal atrial 
activity was evidenced by the upright P waves in 
lead nm at a rate of 102 per minute. The ventricular 
rate was 126 per minute and the ventricular com- 
plexes revealed an aberrant form as seen in ventricular 
tachycardia. There was complete atrioventricular 
dissociation. This might also be interpreted as an 
A-V nodal rhythm with intraventricular block and 
independent atrial rhythm. Nevertheless, the rhythm 
was considered to be ventricular tachycardia with a 
high ventricular focus. 
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Fic. 1. Serial electrocardiograms. A, obtained alaw 2, 1959. Ventricular tachycardia with focus in left ventricle. 
B, obtained February 12, 1960. Normal sinus rhythm with signs of previous anteroseptal and anterolateral myo- 
cardial infarction. C, obtained February 18, 1960. Paroxysmal ventricular tachycardia with high ventricular focus. 
D, obtained March 16, 1960, at onset of intravenous infusion of procaine amide. E, obtained March 16, 1960, 
after infusion of 2,000 mg. procaine amide. F, obtained March 16, 1960, after conversion to sinus rhythm.with 
3,940 mg. procaine amide intravenously. 


Auscultation revealed changing intensity of the The patient received various combinations of oral 
first heart sound in the presence of a regular rhythm, gitalin (Gitaligin®), oral hydroxyzine pamoate 
confirming the electrocardiographic impression of (Vistaril®), oral and intramuscular procaine amide 
A-V dissociation. Carotid sinus pressure caused no and oral quinidine sulfate and gluconate as indicated 
change in rate. in Figure 2. He also received 4 gm. of oral potassium 
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GITALIN mg. Be 
HYDROXYZINE PAMOATE mg. 
6 


PROCAINE AMIDE gm. 
Oro! 


ORAL QUINIDINE gm. 
Sulfote Gluconote 


AM 


10 12 14 

Hospitol doy 
Fic. 2. Amounts and mode of administration of anti- 
arrhythmic drugs administered over a twenty-five day 
period prior to intravenous infusion of procaine amide. 


chloride daily. The atrial rate would slow to 77 
per minute and the ventricular rate to as low as 112 
but the basic pattern remained the same. At one 
time the P waves were replaced by atrial fibrillary 
waves with the regular rhythm of the ventricles 
being unaltered. On March 10, 1960 dyspnea, 
sacral and pedal edema, hepatomegaly and cardio- 
megaly appeared which did not respond to gitalin 
and hydrochlorothiazide. Despite the persistent 
tachycardia there was no pain in the chest and the 
erythrocyte sedimentation rate, SGO-T and white 
blood count remained within normal limits. Never- 
theless, the patient’s general condition deteriorated 
rapidly because of congestive failure. 

It was decided to use procaine amide intra- 
venously. Because of the resistance to oral and 
intramuscular administration, it was believed that a 
large dose intravenously would be required if con- 
version were to occur. The congestive failure, 
severe myocardial damage and the A-V dissociation 
were considered predisposing factors for ventricular 
fibrillation or standstill. Therefore, the patient was 
taken to the operating room so that facilities for a 
thoracotomy, defibrillation and cardiac massage 
would be immediately available if needed. A 
surgeon and an anesthesiologist were present. Pro- 
caine amide, 4 gm., was diluted in 400 cc. of 5 per 
cent glucose in distilled water, resulting in a solution 
containing 1 mg. per drop. The infusion was 
started at a rate of 40 drops per minute and gradually 
increased to 68 drops per minute. A total of 3,940 
mg. of procaine amide was administered over a 
period of eighty minutes when conversion to sinus 
rhythm occurred. The infusion was promptly 
stopped. 

The change in rhythm and conduction preceding 
conversion was unusual. At the onset (Fig. 1D) 
the atrial rate was 88 per minute and the ventricular 
rate 130. The QRS duration was about 0.16 
second. After 2000 mg. of procaine amide had been 
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administered the atrial rate was 85 per minute and 
the ventricular rate was 110 (Fig. 1E). There was 
insignificant widening of the QRS. Complexes of 
sinus origin giving rise to near normal ventricular 
activation began to occur. There was a gradual 
maximal slowing of the atrial rate to 74 per minute 
and the ventricular rate to 94, with persistence of the 
occasional supraventricular complexes. Conversion 
to sinus rhythm (with slightly delayed atrioventricular 
conduction) then occurred at rate 73 (Fig. 1F). 
The increased elevation of S-T segment was due to a 
*“‘post-tachycardial syndrome’ inasmuch as_ the 
electrocardiogram reverted to a pattern similar to 
that in Figure 1B within a week. 

During the procedure the initial blood pressure 
was 92/60 mm. Hg and-rose spontaneously to 
110/70 when the infusion was started. Methoxamine 
(Vasoxyl®), 10 mg., was added to the infusion sixty- 
five minutes after start of administration because the 
blood pressure dropped to 76/52 mm. Hg. Ten 
minutes later it dropped further to 70/50 mm. Hg 
and an additional dose of 20 mg. of methoxamine was 
injected intravenously. After conversion, the blood 
pressure rose to 90/70 mm. Hg and stabilized an 
hour later at 110-100/70-50. After fifty-five minutes 
of infusion, 0.8 mg. of atropine sulfate was given 
intravenously without effect on the rate which had 
slowed to 104 per minute. 

The therapy had no significant neurologic effect. 
Throughout the procedure the patient was conscious 
and rational. He experienced no subjective sensa- 
tions when conversion occurred. The only obvious 
neurologic finding was a tremor of the lower jaw 
which persisted throughout the infusion. This was 
probably a reaction on an emotional basis and not 
due to procaine amide toxicity. 


COMMENTS 


Although the dose of procaine amide required 
for conversion was not without precedent,' the 
amount was large. The toxicity of the drug is 
well known.? The use of the drug intravenously 
warrants precautions against ventricular fibrilla- 
tion, cardiac and respiratory arrest. Since time 
is the essential factor in preventing death or a 
vegetative existence from these catastrophes, 
precautions of the nature indicated in the proto- 
col were taken. A surgeon and an anesthesiol- 
ogist stood by with adequate ancillary help. 

The mode of conversion was unusual in that it 
was not abrupt as is generally considered.** 
After 2,000 mg. of procaine amide had been 
given intravenously, complexes of sinus origin 
strikingly similar to those after conversion began 
to appear and persisted until conversion. Un- 
fortunately, no record was obtained at the exact 
moment the event occurred. The physiologic 
mode of action of the drug is uncertain. Cer- 
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tainly, it apparently did not depress conductivity 
through the A-V node and the bundle of His.? 

At present, the patient is alive and well, being 
maintained with 2 gm. of quinidine gluconate 
daily and anticoagulant therapy. 


SUMMARY 


A case of paroxysmal ventricular tachycardia 
of twenty-eight days’ duration failed to respond 
to large doses of oral and intramuscular anti- 
arrhythmic drugs. Conversion was accomplished 
following the administration of 3,940 mg. of 
procaine amide intravenously in eighty minutes. 
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Persistent Ventricular Tachycardia 


Report of a Case Successfully Treated with Very Large 


ENTRICULAR TACHYCARDIA IS a relatively 
aes form of ectopic rhythm noted 
predominantly in patients with severe heart 
disease,' although it may occasionally be pre- 
cipitated by excessive doses of digitalis and, 
rarely, it occurs in otherwise healthy persons.}? 
The onset is abrupt, the heart rate is usually 
extremely rapid, the circulation is impaired 
and the blood pressure falls. Because this dis- 
order usually occurs in patients with badly dam- 
aged hearts who are unable to withstand the 
added burden of rapid heart action and reduced 
blood flow, treatment often presents the urgent 
problem of how to correct the tachycardia be- 
fore intractable cardiac failure, ventricular 
fibrillation and death ensue.!~* 

The present report concerns a severe case 
of ventricular tachycardia which required heroic 
therapeutic measures for control. The patient 
finally responded to treatment after procaine 
amide (Pronestyl®) had been added to the 
regimen in extraordinarily large doses; the 
drug was administered in what may be the 
highest intravenous doses yet employed in the 
treatment of cardiac arrhythmias. Embree 
and Levine? have reported restoration of normal 
rhythm in a patient with ventricular tachy- 
cardia following the intravenous administra- 
tion of up to 4 gm. procaine amide and 1 mg. 
atropine. In the present case intravenous doses 
of procaine amide ranged from 0.6 gm. to 
4.8 gm. This case seems to us to be note- 
worthy because it illustrates the dramatic 
success that may attend vigorous and persistent 
therapy in an apparently hopeless case of ven- 
tricular tachycardia. 


Williamstown, Massachusetts. 
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Intravenous Doses of Procaine Amide* 


H. WRIGHT, M.D. and Ropert K. Davis, 


Williamstown, Massachusetts 


* From the Department of Internal Medicine, North Adams Hospital, and the Williamstown Medical Associates, 


CasE REPORT 


The patient, a farmer and laborer forty-eight 
years of age, had been in apparent good health until 
March 24, 1958 when substernal pain associated 
with exertional dyspnea developed. These symptoms 
subsided spontaneously but continued to recur at fre- 
quent intervals with increasing severity until the pa- 
tient sought medical aid. He was first admitted to 
the North Adams Hospital for treatment on March 31, 
1958. 

Examination on admission revealed that the patient 
was acutely ill; pulse rate 100 per minute, respiration 
32 per minute and blood pressure 100/80 mm. Hg. 
An electrocardiogram the next day demonstrated 
changes typical of acute inferior wall infarction. 
Laboratory studies disclosed a white blood count of 
15,200 per cu. mm. and an erythrocyte sedimentation 
rate of 33 mm. The patient was given complete bed 
rest. Digitalis therapy and other appropriate 
measures were initiated. 

Initial Treatment of Ventricular Tachycardia: On 
April 6, the seventh day in the hospital, the patient 
became apprehensive, dyspneic and orthopneic. His 
radial pulse was 120 per minute and blood pressure 
was 90/56 mm. Hg. There were signs of left-sided 
cardiac failure. On April 7 the apical heart rate was 
220 per minute and the blood pressure was 80/0. 
An electrocardiogram (Fig. 1A) showed a typical pat- 
tern of ventricular tachycardia. Therapy was im- 
mediately initiated and the various measures em- 
ployed for the succeeding twelve days before restora- 
tion of normal rhythm in this patient are summarized 
in Table 1. 

The digitalis administered prior to the onset of 
the tachycardia was continued throughout subse- 
quent treatment. On April 7, quinidine was pre- 
scribed and was continued in increasing doses for the 
succeeding forty-eight hours, both by mouth (2 gm.) 
and by intramuscular administration (2.6 gm.). 
The QRS interval widened from 0.12 to 0.16 
second (Fig. 1B) and the apical rate fell from 220 


2. 
val 
by 
i 
| 
| 
if 
~ 
449 ee 
whi: 


450 Wright 


and Davis 


lead 11. 


Fic. 1. A, April 7th, lead V;. Ventricular tachycardia, rate 200. Before treatment. B, April 9th, 
After quinidine orally and intramuscularly. 


QRS measures 0.16 second. C, April 9th, 


lead u. After administration of 2.5 gm. procaine amide intravenously. Before conversion. QRS 
measures 0.20 second. D, April 9th, leadu. Immediately after administration of 2.5 gm. procaine 
amide intravenously. Conversion to nodal rhythm, probably with A-V dissociation, rate 120. 


to 172 per minute, but thereafter the tachycardia per- 
sisted with the heart rate becoming increasingly rapid. 
The patient exhibited mild symptoms of nausea and 
vomiting. 

On April 9, with the patient’s situation obviously 
becoming increasingly precarious, procaine amide 
was added to the regimen. Before treatment with 
this was started a cardiac pacemaker was attached 
to the patient and during the intravenous administra- 
tion of the drug, continuous electrocardiographic trac- 
ings were recorded. Initially, 3 gm. of procaine 
amide in 30 cc. of diluent was given intravenously 
over a period of thirty minutes. After 2.5 gm. had 
been received, onset of nodal rhythm was observed 
(Fig. 1D), with a heart rate of 110 to 120 and a rise 
in blood pressure to 128/90. Before nodal rhythm 
began the QRS interval had widened from 0.16 to 
0.2 second (Fig. 1C). Side effects had also appeared 
in the form of epigastric burning, nausea and one 
episode of vomiting. After these symptoms subsided, 
the patient showed a general clinical improvement. 
An electrocardiogram recorded twelve hours after 
conversion revealed normal sinus rhythm. The blood 
pressure was 100/70 mm. Hg. 

Second Episode of Ventricular Tachycardia: Regular 
rhythm with frequent extrasystoles continued for the 


next few hours until 2:00 p.m. on April 10, when 
ventricular tachycardia suddenly recurred. The 
heart rate increased to 190 and the blood pressure 
declined to 84/78. The patient exhibited profuse 
perspiration with marked dyspnea and weakness. 
Again, large oral doses of quinidine and procaine 
amide were administered (Fig. 2A), followed some 
hours later by the intravenous infusion of 3 gm. of 
procaine amide in 30 cc. of diluent over a period of 
half an hour. Following this vigorous therapy the 
heart rate again slowed from 190 to 165 and finally to 
130; the tachycardia persisted. On the following 
day the heart rate increased to 172. Procaine amide 
was administered intravenously again in a total dose 
of 4.8 gm. in thirty-five minutes. Irregular nodal 
rhythm appeared after 4 gm. of the drug had been 
received (Fig. 2B), and regular sinus rhythm was ob- 
served after the total dose of 4.8 gm. had been given 
(Fig. 2C, D). 

Third Episode of Ventricular Tachycardia: For the 
next seven days (April 12 to 17), the patient was 
maintained with oral doses of procaine amide, quini- 
dine and digitalis; the heart rate remained within a 
normal range. On April 18, convulsions suddenly 
developed and the patient became intensely cyanotic. 
Ventricular rate was 200 beats per minute. In this 
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seemingly terminal situation, the immediate intra- 
venous administration of 1 gm. of procaine amide in 
10 cc. of diluent over a period of fifteen minutes once 
again was followed by the appearance of regular 
sinus rhythm with a heart rate of 88. At 6:30 a.m. 
of the following day (April 19) the ventricular rate 
again increased to 200 per minute, when 0.6 gm. of 
procaine amide administered intravenously was 
again followed by conversion of the heart rate in this 
patient to normal sinus rhythm. The tachycardia 
did not recur and on May 12 the patient was dis- 
charged to carry on at home with moderately re- 
stricted activity. At that time, maintenance dose of 
quinidine was stopped but oral procaine amide was 
continued as a prophylactic measure. 

Follow-up Examinations: The patient was seen on 
October 24, 1959, more than a year after his first 
examination. At that time he had no complaints 
and was carrying on normal activities. His blood 
pressure was 120/80 mm. Hg, pulse 76 per minute, 
the chest was clear and the heart sounds were of good 
quality. The electrocardiogram showed merely the 
residual signs of inferior wall damage. The patient 
was again seen on October 22, 1960. He stated that 
he had been in excellent health and denied any pain 
in the chest or impairment of exercise tolerance even 
when performing heavy labor or farming. On physi- 
cal examination the blood pressure was 120/85 mm. 
Hg; pulse 60 per minute and regular and the heart 
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Fic. 2. A, April 11th, lead u. Ventricular tachycardia, rate 170. Patient receiving quinidine and 
procaine amide orally. B, April 11th, lead 1m. After administration of 4 gm. procaine amide intra- 
venously. Conversion from slow ventricular tachycardia to nodal rhythm, rate 80. C, April 11th, 
lead un. After 4.8 gm. of procaine amide intravenously. Mixture of sinus and nodal rhythm. D, 
April 12th, lead m. Twelve hours after tracing C. 


sounds were excellent with regular sinus rhythm 
There was no evidence of cardiac decompensation. 


CoMMENTS 


The critical role of procaine amide in help- 
ing to control the aberrant heart rhythm and 
tachycardia in this patient seems clear from 
the findings as summarized in Table 1. Re- 
peatedly, the intravenous administration of 
large doses of the drug over a relatively brief 
period of time was followed by the desired ef- 
fect. The tachycardia persisted without the 
use of the drug. Intravenous doses of procaine 
amide required to restore regular sinus rhythm 
in this patient could almost be “titrated”? with- 
in a range of 2.5 to 4.8 gm. The supportive 
role of the other medications administered in 
providing synergistic effect (especially quinidine, 
norepinephrine, potassium chloride and 
digitalis) cannot be appraised with any degree 
of accuracy. In the report of Embree and 
Levine,” doubt was expressed that the ventricular 
rate could have been converted to normal sinus 
rhythm in their patient treated with intravenous 
procaine amide in doses up to 4 gm. without 
concomitant administration of atropine. 
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TABLE I 
Clinical Course of Patient and Effects of Treatment 
icati Effect on Blood Pres- 
Design Other Medications Effect on 
Date Procaine Amide Ventricular Rate and Other Clinical 
Drug Dosage and Electrocardiogram Observations 
April 7 None Digoxin 1 mg. IM* Rate decreased from Blood pressure fell 
220 to 194/min. from 90/56 to 80/0. 
Quinidine 2.4 gm. POT QRS widened from Patient showed 
sulfate 0.12 to 0.14 sec. (Fig. signs of left-sided 
Potassium 1.3 gm. PO 1A, B). failure (dyspnea and 
chloride orthopnea). Nausea 
was present. 
April 8 None Digoxin 0.5 mg. IM Rate fell to 172/min. | Blood pressure rose to 
Quinidine 1.6 gm. PO 106/84. Signs of 
sulfate left-sided failure 
Quinidine 2.6 gm. IM (0.4 persisted. 
gluconate gm. every 2 
hours ) 
Potassium 1.3 gm. PO, 20 
chloride mEq. [Vt 
Chlorothiazide | 1 gm. PO 
Norepinephrine | 2 mg./500 cc. 
IV (continu- 
ous drip) 
April 9 3 gm. IV (in 30 | Strychnine 1/30 gr. IM Rate fell from 200 to | Blood pressure un- 
cc. diluent in | Atropine sulfate | 1/70 gr. IM 164/min. QRS in- changed until onset 
30 minutes) Digoxin 0.25 mg. PO creased from 0.14 to of nodal rhythm 
Norepinephrine | 2 mg./500 cc. 0.16 sec. following ad- after which it rose to 
IV (continu- ministration of quini- 128/90. Symptoms 
ous drip) dine. QRS increased of epigastric burn- 
Quinidine 6 gm. IM (0.4 to 0.20 sec. after pro- ing, nausea, vomit- 
gluconate gm. every 2 caine amide had been ing, restlessness and 
hours X 15) given, before tachy- sweating developed 
cardia reverted to after procaine amide 
nodal rhythm with a had been added to 
rate of 120 after 2.5 the regimen but 
gm. of procaine these passed and the 
amide had been re- patient showed 
ceived (Fig. 1C, D). marked clinical im- 
provement. 
April 10 4.5 gm. PO Quinidine 2.4 gm. PO Electrocardiogram 12 | Patient showed less 
(from 3:00 sulfate hours after conver- dyspnea and orthop- 
A.M. to 9:15 | Digoxin 0.25 mg. PO sion revealed regular nea. Blood pres- 
P.M.) Chlorothiazide | 1 gm. PO sinus rhythm with fre- sure was 100/70. 
3 gm. IV (from | Potassium 1.3 gm. PO quent ventricular pre- After tachycardia 
9:15 p.m. to chloride mature beats; at reappeared there 
9:30 P.M.) Norepinephrine | Slow drip IV 2:00 p.m. ventricular was diaphoresis, 


Supply of pro- 
caine amide 
exhausted 


tachycardia with rate 
of 190. After IV pro- 
caine amide, QRS 
widened from 0.14 to 
0.18 sec. and rate fell 
from 165 to 130 and 
slow’ ventricular 
tachycardia persisted. 


marked dyspnea 
and weakness. 
Blood pressure was 
84/78. After IV 
procaine amide pa- 
tient became restless 
and exhibited pro- 
fuse diaphoresis. 


*1M=intramuscularly; PO=orally; {IV =intravenously. 
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TABLE 1 Continued 


Clinical Course of Patient and Effects of Treatment 
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Other Medications Effect on Blood Pres- 
Procaine Amide d El di and Other Clinical 
April 11 4.8 gm. 1V (from | Quinidine 3.4 gm. PO Rate rose to 172 (Fig. | The patient showed 
8:40 to 9:15 sulfate (from 8:00 2A) but irregular general clinical im- 
P.M.) A.M. to 8:00 nodal rhythm began provement after 
P.M.) after 4 gm. of pro- conversion. 
Digoxin 0.25 mg. PO caine amide had been 
Potassium 1.3 gm. PO administered IV 
chloride (Fig. 2B) and regular 
Chlorothiazide | 1 gm. PO rhythm with a heart 
Norepinephrine | Continuous rate of 80 began after 
drip IV 4.8 mg. of procaine 
amide had been ad- 
ministered (Fig. 2C). 

April 12 3 gm. PO Quinidine 1.6 gm. PO Regular sinus rhythm, | Blood pressure aver- 
to sulfate rate 68 to 80 (Fig. aged 105/80. Pa- 
April 17 Norepinephrine | Slow drip IV 2D). tient much im- 

(discontinued proved. Signs of 
April 13) cardiac decompen- 
sation receded. 

April 18 1 gm. IV (in 15 | Quinidine 1.6 gm. PO Electrocardiogram at 8:00 a.m. Generalized 

min. ) sulfate 8:15 A.m.: ventricu- convulsions, cyano- 
lar tachycardia. Rate sis, weakness, sweat- 
200 fell to 78 after ing. 
IV procaine amide. 
April 19 3 gm. PO Quinidine 2.4 gm. PO 6:30 a.m. rate 200 fol- | Weakness, sweating. 

0.6 gm. IV sulfate lowed by restoration 
to regular sinus 
rhythm, rate 78, after 
1V procaine amide. 


Procaine amide depresses myocardial sen- 
sitivity to electrical stimulation as well as the 
rate and degree of impulse conduction. The 
characteristic effects of the drug on the elec- 
trocardiogram are widening of the QRS com- 
plex, prolongation of P-R and Q-T intervals, 
changes in T wave lengths and, finally, com- 
plete ventricular asystole.* All of these changes 
were noted in the present case, at times to an 
alarming degree. However, one of the chief 
effects anticipated from administration of the 
drug, namely, a fall in blood pressure, was not a 
significant problem, perhaps because of the si- 
multaneous use of the intravenous pressor agent 
norepinephrine. 


SUMMARY 


A case of ventricular tachycardia secondary 
to myocardial infarction is described. The 
patient was successfully treated by the repeated 
intravenous administration of procaine amide 
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in doses ranging from 2.5 to 4.8 gm. over short 
periods of time. In critical situations in which 
ventricular tachycardia threatens the survival 
of the patient large intravenous doses of this 
drug, two to four times that usually recom- 
mended, may prove to be life-saving. 
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Diagnostic Shelf 


Graphic Expression of the Palpatory and 
Auscultatory Signs of A-V Fistula’ 


Morton EINHORN, M.D., RAYMOND E. REicH, M.D. and ALpo A. LuIsADA, M.D., F.A.C.C. 


Chicago, Illinois 


IS SIXTY-FIVE YEAR OLD white man experi- 
Rona a gunshot wound in the left popliteal 
region forty-eight years before admission to the 
hospital at the age of seventeen while serving in 
the Russian army. Following removal of the 
bullet the surgeon noted a large pulsating mass in 
the left popliteal region which had been pres- 
ent ever since. The patient was admitted to the 
hospital for evaluation and therapy for chronic 
leukemia, symptoms of which became appar- 
ent one year preceding admission with the on- 
set of bilateral pitting edema, weakness, dysp- 
nea and generalized malaise. At that time he 
was treated with digitalis and diuretics and 
received a low salt diet. 

Physical Examination: The patient appeared 
pale and chronically ill but in no acute dis- 
tress. The blood pressure was 130/80 mm. Hg, 
pulse 100 per minute and regular, respirations 20. 
There were prominent neck veins with small 
pulsations. Crepitant rales were present at 
both lung bases posteriorly with dullness to 
percussion at the left base. 

The cardiac apical impulse was at the fifth 
left interspace at the midclavicular line. 
As > Pz No murmurs or cardiomegaly were 
present. 

The abdomen was moderately distended. 
The liver was felt three fingerbreadths below 
the left costal margin; the spleen was pal- 
pated below the level of the umbilicus. There 
was severe bilateral pedal edema. A large 
pulsating mass measuring 3.5 by 3 cm. was felt 


in the left popliteal region. This mass presented 
a palpable thrill and a loud bruit with a systolic and 
a diastolic component. 

Laboratory Data: Teleoroentgenogram revealed 
slight cardiomegaly with bilateral pulmonary 
congestion, left pleural effusion and patchy 
pneumonitis. Blood count revealed hemo- 
globin, 8.6 gm. per 100 ml. (54 per cent); 
hematocrit, 27 per cent; red blood cell count, 
2.5 million per cu. mm.; white blood cell 
count, 52,000 per cu. mm. 

Pulse and Sound Tracings: Simultaneous trac- 
ings of the pulsations and of the sound vibra- 
tions of the popliteal mass were recorded 
(Fig. 1). The pulse was recorded with a 
crystal microphone connected to the AC input 
of the electrocardiogram amplifier; the sounds 
were recorded with a standard microphone and 
a “‘stethoscopic’” method. Both microphones 
were connected to a single funnel held by the 
hand over the popliteal fossa while the patient 
was in a prone position. The photographic 
recording was obtained by means of a Sanborn 
Twin-beam. 

The pulse of the mass was a single, high wave 
with no dicrotic component. It is noteworthy 
that vibrations of a medium high frequency are 
regularly superimposed over the pulse. They 
are the graphic expression of the palpable 
thrill. 

The sound vibrations consist of a continuous 
machinery murmur with vibrations of different fre- 
quencies and visible accentuation during the ex- 


* From the Division of Cardiology, Chicago Medical School, Chicago, Illinois. 
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Fic. 1. Tracings at the left popliteal fossa over the pulsating mass. Top, sound 
tracing showing continuous murmurs. Bottom, pulse (revealing the thrill). 


pansion and collapse of the artery. The murmur 
is similar to that of a patent ductus arteriosus. 

Comment: The final diagnosis was arterio- 
venous fistula of the popliteal vessels. It is ex- 
tremely unusual that an A-V fistula lasts forty- 
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eight years without causing severe hemody- 
namic disturbances. It is unfortunate that the 
serious condition of the patient, caused by the 
leukemia, prevented further studies of his cardio- 
vascular condition. 
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Progress Notes in Cardiology 


Edited by EMANUEL GOLDBERGER, M.D., F.A.C.C. 


New York, New York 


Coincidence of Patent Ductus Arteriosus and Rheumatic 


Heart Disease: 


A Comment on the 


‘*Postcommissurotomy Syndrome’”’ 
y vy 


E FREQUENT OCCURRENCE of rheumatic 

heart disease in patients with atrial septal 
defects is now fairly well known. It is less well 
known that autopsy evidence of its association 
with many other congenital heart defects 
has been reported in several papers. 

Drs. John A. Boone and Robert M. Rosemond 
have recently reviewed the records of seventy- 
three patients operated upon for patent ductus 
arteriosus at the heart clinic of the Medical 
College of South Carolina, Charleston, South 
Carolina. Thirty-six had adequate observa- 
tion over a period of two to seven years following 
operation. Clinical evidence of rheumatic fever 
or a progressive valvular disease has appeared 
in six of the thirty-six patients. The study 


suggests a more frequent association between 
patent ductus arteriosus and rheumatic heart 
disease than has been previously suspected, 
and in some cases operation may have 
either precipitated or reactivated rheumatic 
fever. 

They believe that these findings support the 
concept that the so-called ‘‘postcommissurotomy 
syndrome” following operations for mitral 
stenosis is a reactivation of rheumatic fever 
rather than a traumatic pericarditis. They 
further suggest long term observation following 
operations for congenital heart defects, partic- 
ularly for the development of rheumatic heart 
disease, and that perhaps regular antibiotic 
prophylaxis should be instituted. 


The Syndrome of Carotid Artery Insufficiency 


% IS BECOMING more apparent that partial - 


or complete thrombosis of the internal 
carotid artery is the most common and impor- 
tant etiologic factor in producing cerebral 
vascular symptoms which hithertofore have 
been attributed to thrombosis of small blood 
vessels above the circle of Willis. This syn- 
drome is of particular importance to physicians 
interested in cardiovascular disease because 
hypotension of any cause (but usually induced 
by myocardial infarction, hypotensive agents 
and postural hypotensive maneuvers) diminishes 
cerebral blood flow and induces cerebral 
vascular symptoms related to this obstruction. 
Drs. Lamar Crevasse, R. Bruce Logue and J. 
Willis Hurst (Department of Medicine, Emory 
University, Atlanta) have recently made a re- 


view of this syndrome (Circulation, 18: 924, 1958). 

Recurrent episodes of transient motor or 
sensory symptoms are a frequent manifestation 
and may precede permanent neurologic deficits 
by months or years. Furthermore, more than 
half of these patients present aphasia and 
hemiplegia, closely simulating the “routine 
stroke.” Careful palpation and auscultation 
of the carotid vessels should be done in all 
patients with cerebral vascular symptoms. 
Since the carotid bulb is the most common 
site of involvement, palpation of the neck and 
pharynx in instances of complete thrombosis 
may reveal an absent or markedly diminished 
pulsation. The results of direct arterial surgery 
in this group with complete thrombosis is 
dependent upon the duration of the thrombosis 
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and the ability to re-establish blood flow through 
the carotid; frequently the blood clot has ex- 
tended higher into the head and neurologic 
symptoms have become irreversible. 

Partial occlusion of the carotid is much more 
common than complete thrombosis and _ is 
expressed by the presence of a loud localized 
systolic or continuous murmur at this site. 
In one hundred consecutive patients in general 
hospitals, well-localized systolic murmurs oc- 
curred in seven and continuous murmurs were 
present in two. The majority of these patients 
were asymptomatic. Five to eight patients, 
however, with continuous murmurs over the 
carotid bulb had neurologic symptoms usually 
on the side opposite the carotid murmur. 
The continuous murmur is a new and valuable 
finding for insufficiency of the carotid artery. As 
the carotid lumen is narrowed by atheromatous 
deposits, a systolic murmur appears usually over 
the carotid bulb, the most common site of involve- 
ment. With further narrowing or when the 
collateral circulation becomes inadequate to 
maintain the diastolic pressure distal to. the 


obstruction, turbulence of flow continues into 
diastole and produces a continuous murmur 
over a_ partially obstructed carotid bulb. 
These patients occasionally complain of a 
swishing or roaring in the head. Spontaneous 
falls in blood pressure or cardiac output usually 
associated with assuming the upright position 
may now produce transient neurologic symp- 
toms opposite the side of carotid obstruction. 
When the vessel becomes completely occluded 
the murmurs disappear and subjective noises 
in the head cease. Irreversible deficits may fol- 
low, depending upon the adequacy of the col- 
lateral circulation. 

The patients with this syndrome who most 
benefit from direct arterial surgery by endar- 
terectomy are those with incomplete occlusions 
and transient symptoms of cerebral vascular 
insufficiency. Their neurologic examination is 
usually within normal limits and the only physi- 


- cal finding may be a localized systolic or 


continuous murmur over the partially occluded 
carotid bulb on the side opposite the neurologic 
symptoms. 


Readings in Cardiology 


From time to time, interesting books which 
ordinarily might escape the attention of cardiol- 
ogists will be briefly reviewed in these columns. 


Constrictive Pericarditis: ‘“The chief disad- 
vantage of the rigid constricting envelope in 
this disease is the limit it sets on ventricular 
filling in diastole. This puts an absolute ceiling 
on the stroke output of the heart. In most 
cases, both ventricles are constricted. Venous 
blood is dammed at a high pressure in the 
atriums and in the veins. Since the defect is 
not primarily in ventricular emptying, the early 
diastolic pressure of the ventricle is normal, but 
rises to the high atrial level very soon after the 
mitral and tricuspid valves open. The brief 
period of relatively normal pressure is called the 
“‘early diastolic dip.” Although the combina- 
tion of a marked dip and a virtually normal 
right ventricular systolic pressure is charac- 
teristic of constrictive pericarditis, it also occurs 
in other conditions interfering with normal 
diastolic filling. Occasionally, in severe cases, 
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a markedly flattened right ventricular pressure 
is obtained. When the result of surgery is un- 
satisfactory, catheterization may help one to 
decide whether there is still constriction of the 
left ventricle. 

“Similar catheterization findings have been 
reported in amyloidosis of the heart, subendo- 
cardial fibrosis, and the diffuse myocardial 
fibrosis that may complicate constrictive peri- 
carditis. There is no adequate way by catheter 
study to distinguish these conditions from peri- 
cardial disease, which is the only one that can 
be helped by surgery.” 

The above quotation is from a very interesting 
book* which has just been published. In 
addition to a chapter on cardiac catheterization 
and other tests related to the cardiovascular 
system, there is an excellent chapter on pul- 
monary function tests which should be of 
interest to cardiologists. In addition, the full 


gamut of laboratory tests, including their sig- 


nificance, is presented. 


* Syllabus of Laboratory Examinations in Clinical 
Diagnosis. Edited by Lot B. Page, m.p. and Perry J. 
Culver, M.p. Cambridge, 1960. Harvard University 
Press. 
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Workmen’s Compensation for the 
Cardiac 


Edited by Louts H. SIGLER, M.D., F.A.C.C. 


Brooklyn, New York 


Case Discussions by Compensation Committee 


N ORDER to continue our studies on the important medical problems 
I of causal relationship between physical and/or mental strain and cardiac 
disability and death, we shall present from time to time actual case reports 
for discussion by our committee members. We also invite noncommittee 
readers to discuss freely each case after its publication, giving reasons for 
refuting or affirming the various opinions expressed. These will be pub- 
lished in subsequent issues of the Journal. Please forward your discussion 
to the author’s office at 255 Eastern Parkway, Brooklyn 38, New York. 

For this month’s discussion the following case from my files which is 
fairly typical of the usual run of compensation cases has been selected. 
The case is discussed by four members of our committee and I am adding 


my personal impression and attempt to correlate the views expressed. 


Louis H. SIGLER, M.D., F.A.C.C. 
Chairman, Compensation Committee 
American College of Cardiology 


Myocardial Infarction Due to Physical Strain 


CasE REPORT 


NEGRO MAN, forty-three years of age, worked as - 


garbage collector for the Sanitation Department 
for many years. His daily duties consisted of lifting 
heavy cans of garbage with the help of an assistant, 
each can weighing sixty to eighty pounds, into a truck 
which he drove from place to place. He was an 
obese, robust individual, exhibiting no symptoms at 
any time that might point to the possible presence of 
coronary disease. For the past two years, however, 
he did complain of ‘“‘nervous indigestion.” A gastro- 
intestinal x-ray series showed no evidence of disease 
of the digestive tract. 

One hot day he and his assistant did their usual 
work, loading one hundred cans of garbage into a 
truck in.two and one-half hours. The total estimated 
amount of garbage was two and one-half tons. He 
apparently did not have any immediate subjective 
disturbances for he did not make any complaints. 


When he reached home, however, he told his wife 
that he felt hot and tired and he had “nervous indi- 
gestion” with cramping pain in the epigastrium. He 
had a light supper and retired early because of the 
pain. During the night he awoke several times. The 
next morning he returned to work and while in the 
garage changing his clothes he collapsed and died. 
Autopsy: The heart weighed about 360 gm. The 
valves were normal. The aorta showed marked 
atherosclerosis and narrowing of both coronary ostia. 
The coronary arteries showed marked atherosclerosis 
and narrowing, especially the right coronary, which 
was congenitally small in addition to the narrowing. 
There was complete occlusion of the left circumflex 
branch by a small grayish thrombus beyond its 
junction with the anterior descending artery and 
there was also marked narrowing of the latter. The 
left main coronary artery before its branching had 
only a slitlike lumen caused by atheromatous de- 
posits. ‘There was an area of fresh softening of the 
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myocardium in the upper anterior wall of the left 
ventricle. The lungs showed congestion. The 
esophagus, stomach and duodenum were normal. 


ComMITTEE Discussions 


G. W. H. SCHEPERS, M.D., F.A.C.C. 
NEWARK, DELAWARE 


The basic disease process is, in one respect, 
partly unrelated to occupation. Reference is 
here made to the congenital narrowing of the 
right coronary artery. The atheromatous ste- 
nosis of the coronary ostia probably is not occu- 
pational in origin either. However, it is not 
proved that the deceased workman had not 
been occupationally exposed to atherogenic 
agents. Garbage collectors are occasionally 
exposed to poisonous substances and this factor 
needs closer inquiry in this occupational group. 

Next comes the question of physical exertion as a 
factor in the demise of this man. The exertion 
probably was not unusual for a garbage collec- 
tor. Probably this man had done this type of 
work for years and had the muscular system 
and hemodynamic efficiency necessary to the 
task. Two questions, however, must be re- 
solved: First,: can repetitive hyperexertion 
slowly facilitate atheromatous degeneration of 
the coronary arteries? Second, assuming that 
a hypothetic end stage of progression of the 
atheromatous degeneration has been reached, 
can a single final hyperexertion under adverse 
climatic conditions lead to coronary occlusion 
and myocardial infarction? 

Evidence That Exertion Was Nota Factor: Affir- 
mative answers for either or both questions are 
likely to be strictly minority opinions. How- 
ever, would a majority negative opinion have 
any truly factual basis other than (1) the statis- 
tical observation that large numbers of men 
perform arduous labor under adverse environ- 
mental conditions without coming to grief; 
(2) the information that regular performance 
of physical exertion is beneficial and may 
even correlate with a lesser prevalence of coro- 
nary atheromatosis; (3) the recorded occur- 
rence of so-called silent coronary attacks in 
occupational groups; (4) the fact that disease 
of the coronary artery occurs in workers as well 
as nonworkers; (5) the truism that most coro- 
nary occlusions have their onset while the person 
is resting or occupied in some trivial exertion; 
and (6) myocardial infarction is relatively rare 
in Negroes in Africa where large numbers of 
men are arduously employed, often under very 
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adverse climatic conditions. 

Evidence That Exertion Was a Factor: These 
statistics, which are of course indisputable, do 
not, however, negate the possibility of exceptions 
to the rule. There are the following points to 
consider, all of which are subscribed to by the 
very same authorities who most strongly empha- 
size that exercise is good for everyone. 

First, why do we exclude from arduous 
labor persons who have evidence of coronary 
insufficiency? Are there any physicians who will 
knowingly sign on such men for work? In 
most industries specific attention is given to 
cardiac health and all persons with indications 
of heart disease are either rejected or assigned 
to nonarduous activity. Second, we all are 
aware of the electrocardiographic changes 
which may occur after a Master’s two step 
test and we all know how sensitive a person with 
coronary insufficiency is to oxygen deprivation. 
Third, we are all aware of the need for absolute 
rest in saving a life which has been jeopardized 
by coronary occlusion. Can we reconcile these 
facts with the opinion that physical exertion, par- 
ticularly if arduous, can never induce myocardial 
infarction? In the present case, it seems to have 
been a factor in hastening the end. 

One could become technical and discuss 
such matters as the effect of a hot humid environ- 
ment versus a cool, dry working area in adding 
to the cardiac burden. One could also specu- 
late about probable pathogenic events such as 
subendothelial hemorrhages, sludging and plate- 
let deposition over atheromatous plaques. Will 
these considerations outweigh the statistics? 


ERNST JOKL, M.D., F.A.C.C. 
LEXINGTON, KENTUCKY 


The forty-three year old patient was obese. 
Atheromatous deposits were present in the 
coronary arteries with narrowing as well as 
sclerosis, findings which reveal the chronic 
nature of the degenerative changes. Over the 
years preceding the sudden fatal collapse there 
had been complaints of “‘nervous indigestion.” 

Two well understood extraneous cardio- 
vascular stress factors were operative on the 
day of the patient’s death. It was hot and on 


the day prior to the collapse the deceased had 
carried out exceptionally hard physical work, 
lifting one hundred cans of garbage into a 
truck in a period of two and one-half hours. 
The heat undoubtedly gave rise to a shift of 
blood from the body cavities into the cutaneous 
vascular bed, a physiologic mechanism of adap- 
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tation which is more readily and more exten- 
sively evoked in obese than in lean persons. 
During the lifting of the garbage cans the Val- 
salva effect manifested itself repeatedly and 
caused the inflow of venous blood into the thorax 
to be sharply reduced. Under normal circum- 
stances, however, catastrophic sequelae will 
not occur though it is not unusual even in 
healthy subjects for temporary functional dis- 
turbances to make their appearance, e.g., 
giddiness or fainting. I have described the 
clinical physiology of this syndrome in detail 
in Acta Medica Orientalia, March 1946. 

Physical Stress and Subintimal Hemorrhage: 
If severe physiologic stresses are imposed upon 
a diseased arterial system, the changed hemo- 
dynamic state so brought about can produce 
acute cardiac ischemia as well as critical al- 
terations of the mechanical force equilibrium 
or intravascular pressure gradients, with the 
result that microscopic tears of the intima may 
occur. The latter calamity most commonly 
befalls the left circumflex branch of the coro- 
‘ nary artery. 

Thrombus formation in an atheromatous and 
calcified branch of the coronary artery need not 
immediately be accompanied by symptoms, 
though it may well do so. However, Nelson 


(J. Path. Bact., 53: 105, 1941) as well as French 


and Dock (J. A. M. A., 124: 1233, 1944) have 
pointed out that physical activity increases 
the risk of bleeding into a hypertrophied intima 
or into atheromatous and calcified plaques in 
coronary arteries and that such hemorrhages 
may expedite fatal collapse in persons thus 
affected. In the case herein discussed it is 
possible that the thrombus had already been 
present at the time the patient went to work on 


the day of his death and that the collapse was . 


the result of a fresh subendothelial hemorrhage. 
Occasionally one can be sure of the sequence of 
events if postmortem capillary penetration into 
an organizing thrombus is in evidence. It ap- 
pears likely that this man’s final collapse was 
caused by a subendothelial hemorrhage. Sev- 
eral years ago I gave an account of a similar 
case in Lancet, November 18, 1944, in which 
that was found to be the mechanism of death. 
That middle aged men of forty-three and even 
younger may thus be stricken was described 
by Master, Dack and Jaffe (Arch. Int. Med., 
64: 767, 1939). 

Exercise and the Cardiovascular System: The 
case we are discussing here is of general im- 
portance in interpreting cause and effect on 


the basic relationship of physiologic and patho- 
genic factors in situations of this nature, that is, 
in situations in which the impact of strenuous ex- 
ercise is imposed upon a diseased cardiovascular 
system. The degree of stability of the under- 
lying pathologic process in these cases deter- 
mines the clinical outcome. Exercise and ex- 
posure to climatic temperature variants will 
never cause the death of a healthy individual. 
However, the issue is different when the physio- 
logic adaptations in question involve vascular 
structures that lack normal elasticity and resil- 
ience. Not that such individuals will always 
come to grief even during strenuous exercise. 
Many observations of outstanding athletes with 
cardiovascular afflictions testify to the validity of 
this statement. Exercise and training have come 
to play such an important role in geriatrics and 
rehabilitation precisely because in the course 
of their development, pathologic processes often 
reach a “steady state” in which, temporarily 
at least, there is no difference between healthy 
subjects and those with cardiovascular disease 
with regard to the response to the muscular 
effort. In pathology the term “‘steady state” 
has its own meaning, which is not the same 
as that attached to the corresponding designa- 
tion used in physiology. A “‘steady state” of 
a pathologic process is the decisive prerequisite 
for the justification of applying active exercise 
as a therapeutic procedure in clinical medicine. 
The physician must invariably consider the al- 
ternate possibility of critical instability factors 
being present. Among the latter, loss of normal 
elasticity and resilience of the coronary intima 
represents in this context probably the most 
single source of danger in cardiology. The 
underlying degenerative vascular changes need 
not be systemic in their distribution. They may 
be narrowly localized and therefore difficult to 
detect in vivo. 


I. ROBERT FRANK, M.D., F.A.C.C. 
BOSTON, MASSACHUSETTS 


This case report is a typical example of the 
problems we face all the time in the Industrial 
Accident Boards all over the country and which, 
in many cases, are difficult to judge satisfactorily. 

I am of the opinion that there was causal 
relationship in this case for the following reasons: 

1. This obese person had been suffering from 
bouts of coronary insufficiency for a few years 
rather than of “‘nervous indigestion.” This is 
based upon the fact that gastrointestinal disease 
was ruled out during life and at the postmortem 
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examination. It is also a well known fact that 
only gastrointestinal symptoms may occur in 
cardiovascular disease. Aside from this, severe 
atherosclerotic changes were found at post- 
mortem which had obviously been present for 
along time. There was also congenital narrow- 
ing of the right coronary artery and the coro- 
nary ostia were narrowed and sclerotic. These 
pathologic changes are certainly the basic 
causes of coronary insufficiency and were in my 
opinion the basis for his “nervous indigestion.” 


2. We have an obese man who had been 
doing hard laborious work for a number of 
years, then one hot day when he had done an 
unusual amount of hard work compared with 
what he usually did, he went home, fatigued, 
hot, unable to eat more than a light meal, and 
had several attacks of epigastric pain during the 
night, followed by his demise later the follow- 
ing morning before he had started working. 
I would consider this to have been the natural 
sequel of a coronary occlusion, following a few 
years of coronary insufficiency. The autopsy 
revealed a complete occlusion of the left cir- 
cumflex artery by a grayish thrombus which 
was the final fatal episode. Grayish thrombi are 
somewhat older than the red fresh thrombi and 
this could signify that the occlusion was present 
long enough to cause the area of fresh soften- 
ing in the left ventricular wall. It is my opin- 
ion, therefore, that the occlusion occurred while 
he was working. 


3. Despite the fact we all recognize that ath- 
erosclerosis and atheromatosis are natural 
degenerative processes, due to factors as yet 
unknown, and that patients with these con- 
ditions can live for many years, acute patho- 
logic changes do take place during which an 
atheromatous plaque may rupture, or hemor- 
rhage may occur into a plaque which then ex- 
pands and ruptures, or a thrombus may form 
on a plaque, any of which may occlude the 
coronary lumen. These changes may occur as 
the result of a sudden increase in blood pres- 
sure due to the work the deceased was doing on 


the hot day before his demise, with the resultant . 


complete occlusion that followed. I also be- 
lieve that the only reason he did not have 
more difficulty, considering “the markedly ad- 
vanced atherosclerosis as shown at autopsy, is 
that he had built up a good collateral circula- 
tion as a result of repeated myocardial ischemia 
in the past. The hotter the day, the more work 
must be accomplished by the heart in order to 
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maintain circulation of the blood near the body 
surface so that excess heat can be given off 
through the skin. It has been shown in normal 
men that the heart rate while lying still in a 
room heated to 104°Fr. with a relative humidity 
of 90 per cent is increased by 40 per cent at the 
end of an hour and 70 per cent at the end of two 
hours above normal. In this case we have a 
person with heart disease in which strain could 
be a very definite contributing factor. 


4. Physical strain increases aortic pressure 
and also the intracoronary pressure transiently 
and may produce acute changes in coronary 
vessels in cases in which marked atheromatosis 
exists as in this patient. Strain raay stimulate 
the sympathetic nervous system produciag 
tachycardia, arrhythmia and cardiac over- 
activity, making greater demands on the coro- 
nary blood supply, and also producing general 
vasoconstriction with a rise in pressure trans- 
mitted to the coronary system. I believe, there- 
fore, that the work was a cause of his death. 


RONALD L. HAMILTON, M.D., F.A.C.C. 
BINGHAMTON, NEW YORK 


As I understand it, this man was an obese, 
robust person who had complained for two 
years of “nervous indigestion” and that during 
this time gastrointestinal x-ray studies showed 
no evidence of disease of the digestive tract. 
I do not understand the term “nervous in- 
digestion”’ and the only clue we have is that it 
might have been due to coronary insufficiency. 
Unfortunately, the history does not state whether 
or not unusual effort or emotional disturbances 
made the ‘“‘nervous indigestion”’ worse. 

This man had advanced long standing athero- 
sclerosis of his coronary arteries and certainly 
this was not produced by work. The man died, 
apparently, as the result of a fresh myocardial 
infarction and coronary thrombosis. In view 
of this diagnosis, I do not believe that the work 
done by this man in any way directly or in- 
directly contributed to his sudden death. It 
is a recognized fact coronary occlusion with myo- 
cardial infarction develops in 60 per cent of men 
during working hours and not because of work. 
The myocardial infarction occurred the day be- 
fore the man died, evidenced by such remarks 
as “‘he ate a light supper, he retired early to bed 
because of epigastric pain and that he was 
awakened several times in the night.” 
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LOUIS H. SIGLER, M.D., F.A.C.C. (CLOSING) 

A factor of great importance in this case from 
a medicolegal viewpoint is that the claimant 
died suddenly while changing his clothes and 
before starting his usual strenuous physical 
work. One may therefore argue that the effort 
of changing his clothes was certainly not of 
sufficient severity to cause his death and there- 
fore there was no causal relationship between 
the work he had done at that time and his death. 
We would have no definite ground to argue 
that the work done the previous day was the 
cause of his death the day after except for the 
statement by his wife that he had some symp- 
toms the night before. Had there been no 
autopsy obtained in this case this testimony 
alone would have no great value. Indeed, many 
a claimant has probably lost his deserving com- 
pensation in the past under such circumstances. 
The autopsy findings in this case, however, dem- 
onstrated the presence of acute myocardial 
infarction which should have taken at least 
twelve to twenty-four hours to develop. This 
brings the time of the acute onset of the process 
to the period when he was doing his strenuous 
work and a temporal relationship may there- 
fore be considered established. 


Physical Strain and Coronary Atherosclerosis: | 


The main question in this case remains there- 
fore whether or not the strenuous work he had 
done the day before was a competent, producing 
cause of the pathologic condition and there- 
fore his death. It has always been my con- 
tention that strain of sufficient severity may be 
a cause not only of an acute myocardial insult 
but, if performed over a prolonged period of 
time, is also one of the underlying causes of 
atherogenesis, especially of the coronary ar- 


teries. That it is not the only cause and that it © 


may be only a relatively minor factor in some 
cases is, of course, true. Nevertheless, it should 
be considered a cause. One does not necessarily 
have to expose himself to an atherogenic poison 
in connection with his work to develop the 
pathologic changes. Mere marked alterations 
in the hemodynamics of the circulation from 
time to time under strain may in some cases 
predispose the subject to the pathologic changes 
in the course of time. This appears to be true 
of some persons more than of others. It is 
particularly true in the later stages of athero- 
sclerosis when the sensitivity of the vascular 
system and its reactivity to strain become pro- 
gressively greater. I have discussed this factor 
in previous communications. 


Physical Strain and Acute Coronary Changes: 
The individual reaction of a given person to 
strain would explain why relatively few have 
acute attacks under strain. It is the abnormal 
person’s reaction to strain which makes him 
vulnerable to an attack as against a person who 
develops a physiologic adaptation that Dr. 
Jokl rightly describes as a “‘steady state.” 
A person who is not in a “steady state’’ need 
not be exposed to unusual strain to get an acute 
attack of coronary insufficiency or of occlusion 
and the resulting myocardial ischemia, necrosis 
or gross infarction. Ordinary and customary 
work, if strenuous enough, may bring about such 
an attack. 

Another element we must bear in mind be- 
sides the individual sensitivity and reaction is 
that an acute cardiac insult and the resulting 
death is based not alone on anatomicopatho- 
logic alterations but also on physiologic changes. 
Death itself, although almost always accom- 
panied by structural alterations which are con- 
sidered to be the causes, is really not entirely 
due to such alterations. We frequently find 
cases in which the pathologic structural changes 
are severe and yet life lingers on. Other cases 
may show relatively tittle or no structural dis- 
ease on postmortem examination and still the 
patient died unexpectedly. In our case under 
consideration the cause of death was probably 
a sudden onset of ventricular fibrillation which 
is a physiologic process induced by the local 
cardiac disease. The fibrillation evidently was 
partly caused by his little activity on the 
morning of his death. Had the acute cardiac 
disease been recognized the day before and 
proper therapy used, he might have lived. 
Indeed, if his coronary disease had been rec- 
ognized during the two years of its unusual 
symptomatic expression, had his occupation 
been changed to a milder type of work and 
his weight reduced under careful management, 
the final acute cardiac insult could have been 
forstalled probably indefinitely. 

The statement by Dr. Schepers that statistics 
speak against causal relationship of strain and 
cardiac disability, but that there are pos- 
sibilities of exception, is perfectly true. It has 
always been my belief that the individual case 
may even be the rule in certain conditions and 
the large statistics to the contrary may be the 
exception in the pathogenesis of a disease proc- 
ess. For instance, we all know that diabetes 
mellitus occurs in a relatively small number of 
people in relation to the general population, 
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and statistically it should be considered against 
the rule in its occurrence. Yet, it is the rule in 
individuals who have a predisposition to the 
disease. 

Conclusion: Based on all the facts in the case 
under discussion, there is no doubt as to causal 
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relationship between the strain to which the 
claimant had been exposed and the myocardial 
infarction and death. It is nevertheless good 
to have the dissenting opinion of Dr. Hamilton. 
Dissension is the best stimulant to proper 
thought. 
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Letters to the Editor 


Occlusion of Terminal Aorta for Congestive Heart Failure* 


Dear Dr. Wassersug: 

This is a follow-up note on Mrs. D. H. 
whom you referred to me in 1953. The 
most remarkable feature of this woman’s 
case has to do with my very special friend 
and colleague, George Meneely of Vanderbilt 
University Medical School in Nashville, Tenn. 
Dr. Meneely in a semi-facetious way chided me 
for not correcting people with very limited 
cardiac reserve and limited cardiac output. 
He contended that the ‘‘Meneely Operation for 
Cardiac Insufficiency’ would take care of 
many people with limited reserve. I believe 
that Dr. Meneely is a man of substance, highly 
intelligent, imaginative and resourceful. If 
he has an operation that he believes is reasonable 
for patients with limited myocardial reserve, 
I would give serious thought to his operation 
before discarding it. In exactly this spirit, 
I hesitated at the conclusion of his statement, 
but then said, “Please tell me more about your 
operation, George.’”’ He then continued and 
pointed out that patients with really borderline 
congestive failure could not get around very 
much on their legs and in this twentieth 
century, overcivilized, push-button state the legs 
were all but atavistic. Under these circum- 
stances he recommended that the surgeon am- 
putate the patient’s legs. 


At this point I believed that my collaboration - 


with my friend George Meneely had come to an 
end, at least on this project, and the conversa- 
tion ended. Today I have reason to describe 
to you again the circumstances surrounding the 
surgery for D. H. and to send a copy of this 
note to George Meneely. 

In October 1953 Mrs. D. H. came to me 
in cardiac failure and with mitral insufficiency 
in a terminal state. I explored her heart and 
she had minimal mitral stenosis and free mitral 
insufficiency. I pulled a large lucite baffle into 
the mitral orifice hoping that the mobile leaflets, 
contracted as they were shortened to the point 
of free insufficiency, would with the addition 
of the lucite substance become competent. 


As I did this, the regurgitant flow was ob- 
structed, ventricular size contracted, the cham- 
ber of the left ventricle became smaller, and the 
annulus of the mitral orifice apparently reduced 
so much in size that the lucite spindle not only 
corrected all insufficiency but totally obstructed 
all forward flow. The heart went promptly 
into arrest. I tried to resuscitate the heart 
but could obtain no forward flow’ therefore, 
I hastily cut the lucite baffle free of its moorings 
on the outside of the heart and let it embolize 
freely into the aorta. I knew that it was too 
large to enter the carotid arteries; therefore 
wherever it went I might recover it and she 
would be a salvageable patient. 

After the lucite baffle was forced into the 
left ventricle and out into the aorta, it was pos- 
sible to resuscitate Mrs. H.’s heart. She made 
an essentially uneventful recovery. At first 
she had very little right femoral circulation but 
a viable leg. In June 1954 Dr. Chilton Crane 
took an aortogram and found that she had total 
obstruction of the abdominal aorta at its bifurca- 
tion. He hypothesized that she had partially 
obstructed her right iliac and slowly thrombosed 
the remaining cross sectional area of the right 
iliac and cross section of the lower aorta. Thus, 
in stages we have performed the Meneely opera- 
tion at a level higher than Dr. Meneely’s fondest 
hope would have allowed. 

Today (September 2, 1960), Mrs. H. was 
brought in because of pain incident to her 
scoliosis but not incident to her heart disease 
or obstructed aorta. She has no pulse in the 
femoral arteries or below. She walks on level 
ground well enough for social purposes but 
her husband carries her upstairs. She can walk 
downstairs without too much difficulty. She 
does have marked hepatomegaly but her lungs 
are clear. She has no ascites. She sleeps on 
a backrest, giving her the equivalent of a three- 
pillow orthopnea. It is necessary to maintain 
her with digitalis and hydrochlorothiazide. 

There is no question in my mind that this 
patient with free mitral insufficiency has a 


* Because of its great interest the Editor is bringing this correspondence to the attention of our readers. 
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clear heart very little larger than it was at the 
time of surgery and, with her limited output, 
could scarcely have survived these seven years 
unless her total body requirements had been 
shunted into essential areas and her legs partially 
sacrificed. 

This fascinating case is being brought to the 
attention of George Meneely. I will be in- 
terested in his reactions. 


Dwicut E. HARKEN, M.D., F.A.C.C. 
Boston, Massachusetts 


Dear Editor: 

I have had an opportunity of reading Dr. 
Harken’s letter describing the adventitious 
*“Meneely operation” on Mrs. D. H. I am im- 
measurably pleased to hear about her. I do 
want to correct one impression conveyed in 
his letter: I did not advocate amputating a 
cardiac patient’s legs, instead I pointed out that 
it would be logical to do so. 

Let me amplify and extend this remark. 
It has been known for a long time that there are 
two main hemodynamic disturbances in heart 
failure. As Stead has neatly phrased it, not 
only is there an insufficient amount of circulation 
but what cardiac output exists is maldistributed. 
The two hind limbs of homo sapiens recens were 
mainly designed for the purpose of running 
away from dinosaurs. This is an activity in 
which the average patient with congestive 
heart failure is nowadays not called upon to 
engage. From his (or in the case of Mrs. H., 
her) point of view the hind limbs are massive 
arteriovenous fistulas irrigated by thumb- 
sized arteries to no useful purpose. For various 
reasons, ranging from the purely esthetic to 
the obviously practical one of being able to 
walk into a surgeon’s office, these vestiges are 
deserving of preservation even if on a limited 
budget of circulating blood. 

Now it is evident that there is not very much 
seriously wrong with most victims of Leriche’s 


MARCH 1961 


syndrome. Asa result of the slowly developing 
aortic obstruction at the bifurcation there is 
often intermittent claudication of the hip with 
fast walking and sometimes a toe or two may 
be lost but this is nothing to compare with the 
gravity of the housebound or bedridden cir- 
cumstance of the waterlogged patient with con- 
gestive failure. What I have advocated is the 
induction of Leriche’s syndrome in patients 
with cardiac failure who no longer had enough 
circulation to irrigate adequately both the hind 
limbs and kidneys. I intended to leave to the 
genius of my cardiac surgical colleagues how best 
to accomplish technically this obviously de- 
sirable effect. The hand of the Lord and 
Dwight Harkens’ keen observation have served 
to accomplish it unintended. As Sir John Har- 
rington remarked, some things if we do not do 
them ourselves will be done for us. 

Some experimental work has been done, al- 
though not as the doers meant. The South 
American maneuver of ligating the inferior 
vena cava (Cossio) has been shown to ameliorate. 
congestive heart failure. It does so not by 
preventing blood from coming out of the hind 
parts but by damming it back, so preventing 
arterial flow from going in and redirecting much 
needed arterial flow to the kidneys. 

For a number of years, I have been urging 
my surgical colleagues to try occlusion of the 
terminal aorta in congestive failure for the 
reasons outlined but until now without success. 
I had even appealed to you in the past whether 
you would publish in the AMERICAN JOURNAL 
oF CARDIOLOGY a communication entitled “An 
Open Letter to an as Yet Unknown Surgical 
Colleague” which was to contain much of the 
matter given herein. Dr. Harken’s spectacular 
Mrs. H. renders this literary effort unnecessary. 
He has cast his lucite upon the cardiovascular 
waters and it has returned an hundredfold. 


GeorGE R. MENEELY, M.D., F.A.C.C. 
Nashville, Tennessee 
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Cardiology: An Encyclopedia of the Cardio- 
vascular System, edited by Aldo A. Luisada. 
Blakiston Division, McGraw-Hill Book Com- 
pany, Inc., New York, 1959. Vol. 1. Normal 
Heart and Vessels, pp. 554. Vol. 2. Methods, 
pp. 608. Vol.3. Clinical Cardiology, pp. 754. 
Vol. 4. Clinical Cardiology: Therapy, pp. 893. 
(Total pp. 2,799.) $100.00. 


The aim of the editor, as expressed in the 
preface of this encyclopedia, was to present all 
available knowledge of the heart and blood 
vessels in a systematic order and in looseleaf form 
to allow frequent revisions and supplements. 
In these four volumes (a fifth is yet to come) 
the editor has successfully accomplished this 
heroic task. 

Volume 1, devoted to the development, 
structure and functions of the cardiovascular 
system, contains short chapters on the embry- 
ology and anatomy of the heart and its main 
arteries. ‘These are followed by authoritative 
sections on the physiology of myocardial con- 
traction and metabolism, the origin of the heart 
beat and the basic principles underlying the 
physiologic functions of the cardiovascular 
system including the electrocardiogram, heart 
sounds, cardiac output, arterial pulse, dynamics 
of the blood vessels and regulation of the circu- 
lation to the heart, brain, kidneys and lungs. 

Volume 2 deals with various clinical methods 


of studying the cardiovascular system. The - 


pulsations of the peripheral and central ar- 
teries, veins, liver and chest wall are discussed 
as well as the technical and clinical aspects of 
electricardiography, phonocardiography and 
ballistocardiography and various radiographic 
technics including angiocardiography. Cardiac 
and pulmonary function studies are also 
covered as well as cardiac output, blood volume 
and blood gases. A long chapter is devoted to 
a description of the technics and applications of 
left and right heart catheterization. Study of 
this important volume of the encyclopedia will 
give the reader a kaleidoscopic view of the 
tremendous advances in cardiovascular diag- 
nostic technics achieved in the past two dec- 
ades. At the same time, great emphasis is 


rightly placed on the older methods of physical 
and graphic examinations which have retained 
their importance despite the more recent inno- 
vations in hemodynamic and radiologic tech- 
nics. Certain chapters reflect years of pioneer 
study and clinical experience, such as those on 
physical examination (Cossio), phonocardiog- 
raphy (Luisada), electrocardiography (Massie), 
vectorcardiography (Grishman), angiocardiog- 
raphy (Castellanos),  ballistocardiography 
(Starr), pulmonary function studies (Motley), 
cardiac catheterization (Wood, Swan, Bjérk), 
cardiac output (Grollman), and blood and heart 
volumes (Nylin). 

Clinical cardiology and therapy are discussed 
in Volumes 3 and 4. Volume 3 covers con- 
genital, rheumatic, infectious, luetic and coro- 
nary heart diseases and disturbances of cardiac 
rhythm and conduction. Volume 4 continues 
with hypertension, cor pulmonale, vascular 
disorders, congestive heart failure and miscel- 
laneous rarer types of cardiovascular diseases. 
In these two excellent volumes the reader will 
find authoritative discussions of most of the 
problems encountered in practice. Emphasis 
is placed on the clinical manifestations and 
diagnostic methods in each type of heart 
disease and on the specific applications of the 
various graphic and laboratory examinations 
described in Volume 2. 

The vast scope of the material included in 
these two volumes is demonstrated by the fact 
that the more common cardiovascular diseases 
are discussed in several chapters written 
by different authors, each an expert in his 
particular field. Although this leads to oc- 
casional unevenness in style and depth of cover- 
age it is counterbalanced by completeness. 
Reference to these chapters with the aid of the 
excellent table of contents and subject index 
included in each volume will provide a more 
complete description of the pathologic, clinical, 
electrocardiographic, radiologic, catheterization, 
phonocardiographic and laboratory findings of 
each type of heart disease than could be found 
elsewhere. 

Treatment, both medical and surgical, as 
well as special procedures and rehabilitative 
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measures are well covered, not only in each 
individual section but also in two final sections 
on treatment in Volume 4 covering 160 pages. 
Although the treatment of acute pulmonary 
edema is fully covered the reviewer believes 
that more space should have been devoted to 
the treatment of chronic congestive heart fail- 
ure. This will probably deserve a separate 
chapter in future supplements. Another fine 
feature of the encyclopedia is the complete 
bibliography at the end of each volume which 
should serve as an excellent source of selected 
references for each subject. 

The encyclopedia is excellently printed and 
profusely illustrated with clear figures and 
photographs. It reflects beautiful craftsman- 
ship on the part of the publisher. Much credit 
is due to Dr. Luisada without whose tireless 
and stimulating editorial efforts this monumen- 
tal work of 2,799 pages could never have been 
completed, and to the American College of 
Cardiology for its support of such an educational 
project. The reviewer believes that this en- 


cyclopedia not only is the best and most defini- 
tive reference work on cardiovascular diseases 
in the English language but also will elevate the 
level of cardiologic knowledge and _ teaching 


throughout the world. S. D. 


Angiologie: Pathologie, Klinik und Therapie 
der peripheren Durchblutungsstorungen, by 
Max Ratschow. Georg Thieme Verlag, Stutt- 
gart, 1959, pp. 831, DM 174, $41.45. 


This book replaces the well known German 
text on peripheral vascular diseases originally 
published by Ratschow in 1938. Its size alone 
indicates the great advances which have been 
made in all aspects of vascular diseases during 
the past twenty years. Now assisted by twenty- 
five contributors Ratschow has covered the 
entire field, including the latest advances in the 
surgical treatment of vascular diseases. 

The division of the subject matter into a 
general and a special part, as originally adopted 
by Ratschow, has been retained in this volume. 
Two-thirds of the book is devoted to general 
discussions of physiology; pathology, etiology, 
pathogenesis, diagnosis and general therapy; 
the remainder of the book deals with “‘special 
angiology,” i.e., the various clinical entities. 
As a result of this division, various aspects of 
individual vascular diseases are discussed in 
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numerous sections of the book, often by dif- 
ferent authors with different points of view. 
The editor states that there may be an advan- 
tage in this since such differences of opinion 
may help the reader to clarify his own thoughts. 
However, the reviewer believes that this division 
can be carried too far and, in fact, has been 
unfortunate inasmuch as it has led to an un- 
necessary duplication which, in any case, can 
never be completely avoided in a book written 
by so many authors. Thus, the reader has to 
dip into different chapters in order to get a 
complete picture of any one clinical entity, 
and this proves very disturbing. 

The reviewer agrees with the editor that 
currently used classifications of vascular disease 
are far from satisfactory, as organic changes 
develop in many so-called functional vascular 
‘disorders’ and functional disturbances are 
common in the organic diseases of. the vascular 
system. The classification of vascular diseases 
into ‘‘angio-neuropathies,” ‘‘angio-organop- 
athies” and “angiolopathies” as proposed by 
the editor does not, however, help to solve the 
problem. 

There are some excellent chapters, such as 
the one by Meyer on the inflammatory diseases 
ef the arterial wall and another by Bock on 
allergic vascular phenomena. The chapter by 
Hasse on angiographic technic and diagnosis 
is well written and beautifully illustrated. 

Other chapters, such as the one dealing with 
general therapy, fall short of the standards set 
by the rest of the book. Perhaps this merely 
reflects the unsatisfactory state of present day 
medical treatment of peripheral vascular dis- 
eases. Nevertheless, the chapter would have 
profited by a more critical approach. The 
reviewer thought that, for instance, the pavex 
boot and hyperthermia have not stood the test of 
time and are no longer employed in the treat- 
ment of vascular diseases; also, implantation of 
hypophysis or scarification in cases of peripheral 
gangrene, although practiced by some native 
tribes, will probably not find many supporters 
in this country. In many aspects, therefore, 
the views expressed in this book deviate from 
those in accepted Anglo-American texts; how- 
ever, this may prove stimulating and provocative 
for those familiar with the subject. 

The text is often verbose and requires a good 
knowledge of German. It is profusely illustrated 
and the printing is of the usual excellence. 
Each chapter is provided with a list of references 
which includes Anglo-American writings. 
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This book is clearly for the specialist in the 
field and is not intended for the general physi- 
cian. Rosert H. GOETZ, M.D. 


Padiatrischer EKG Atlas, by Wilhelm Heck 
and Joachim Stoermer. Georg Thieme Ver- 
lag, Stuttgart, 1959, pp. 230, DM 78, $18.55. 


The introduction and text of the atlas on 
pediatric electrocardiography is brief and in the 
réviewer’s opinion inadequate. Practically no 
preparatory discussion of electrophysiology is 
given; the actual text consists of only seven 
pages and many tables for minimal and maximal 
values, deviation, amplitudes, etc. 

The atlas section of the book is, on the other 
hand, excellent. This material is well organized 
and the legends provide clear and informative 
descriptions. Many of the cases of congenital 
heart diseasé show postmortem confirmations. 
In almost all records, the six extremity leads 
(1, m1, mt, aVR, aVL, aVF) and the six chest 
leads (V; to Vs) had been recorded simul- 
taneously which greatly facilitates their inter- 
pretation. Their technical quality is excellent. 

The book is valuable to all cardiologists 
because of the large number of catheterizations 
presented. The pediatrician and internist will 
probably feel somewhat lost among the great 
variability in electrocardiographic configurations 
unless they consult a text to provide them with a 
broader explanation of the findings. The book 
is highly recommended in spite of this probably 
intentional omission. The printing of text and 
illustrations is of the very best quality. 

ARTHUR GRISHMAN, M.D. 


New Methods of Studying Gaseous Exchange 
and Pulmonary Function, 3rd ed., by Alfred 
Fleisch. Charles C Thomas, Springfield, 1960, 
pp. 116, $5.75. 


In view of the rapid advances in the field of 
pulmonary function studies, a new monograph 
which would help to clarify and put in consoli- 
dated form the physiologic basis and clinical 
application of such studies would be most wel- 
come. Unfortunately, New Methods of Studying 
Gaseous Exchange and Pulmonary Function does not 
meet this need in its 115 pages. 

Dr. Fleisch presents descriptions of (1) the 
“metabometer,” a portable instrument for 
measuring basal metabolism; (2) basal metabo- 
lism and its determination by a “metabocalcu- 


lator’; (3) a multiple setting constant energy 
“ergostat’”; (4) a pneumotachograph; (5) 
a “‘double partition spirometer’; (6) a ‘“‘to- 


talizer”; (7) an “electrokymograph”’; (8) the 
“metabograph” and (9) the ‘“‘orthochrono- 
graph.” 


While Dr. Fleisch is to be congratulated on 
the thoroughness with which he approaches 
instrumentation, it is unfortunate that the 
methods presented do not add significantly in 
theory or practice to those already known and 
commonly available in this country. The book 
may be of some interest to students interested 
in studies of basal metabolism or those who may 
find some technical interests in Dr. Fleisch’s 
methods. It cannot be enthusiastically recom- 
mended to the general reader or to those in- 
terested in clinical application of pulmonary 
function tests. MortTIMeR E. BADER, M.D. 


RECEIVED FOR REVIEW 


All books received will be acknowledged in this 
column. As space permits, books of special interest will 
receive more extensive reviews. 


Syllabus of Laboratory Examinations in Clinical Diag- 
nosis, edited by Lot B. Page and Perry J. Culver. Har- 
vard University Press, Cambridge, 1960, pp. 580, $12.50. 


Respiration. Physiologic Principles and their Clini- 
cal Applications, edited by Peter C. Luchsinger and 
Kenneth M. Moser. C. V. Mosby Company, St. Louis, 
1960, pp. 505, $15.75. 


Valvular Disease of the Heart in Old Age, by P. D. 
Bedford and F. I. Carid. Little, Brown & Company, 
Boston, 1960, pp. 194, $7.50. 


Clinical Disorders of the Pulmonary Circulation, 
edited by Raymond Daley, John F. Goodwin and Robert 
E. Steiner. Little, Brown & Company, Boston, 1960, 
pp. 364, $14.00. 


Cardiologia. Supplementum II. Vol. 37, edited by 
Bruno Kisch and W. Léffler. S. Karger Ag., Switzer- 
land, 1960 (Albert J. Phiebig, White Plains, American 
agent), pp. 288, $10.00. 


Congenital Malformation of the Heart, revised edi- 
tion. Vol. II. Specific Malformations, by Helen B. 
Taussig. Harvard University Press, Cambridge, 1960, 
pp. 1,049, $17.50. 


The Johnson Recording Oscillometer. Its Use in the 
Study of Arterial Circulation, by Carl A. Johnson. 
Pergamon Press, New York, 1959, pp. 112, $5.00. 


Textbook of Medical Physiology, Second edition, by 


Arthur C. Guyton. W. B. Saunders Company, Phila- 
delphia, 1961, pp. 1,181. 
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College News 


Robert Prentice Glover, M.D. 


E THIRD President of the College was a 
f iyeetones to his finger tips, with a surgeon’s 
uncluttered practicality for the problems that 
he had to face. I remember very well the first 
Board meetings over which he presided; our 
new President was a young man with tre- 
mendous energy, a national reputation and what 
I can describe only as “‘organizational vision.” 
He was taking the helm when the College was 
very young and we were all proud of what we 
had already achieved, with a Roster of 800 
members. 
Dr. Glover did not seem satisfied. He asked 
a great many probing questions and I think 
he frightened the Trustees when he finally 
summed up his estimate of where he thought the 
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President’s Column 
Robert Prentice Glover, 1913—1961 


College was, what we had accomplished in each 
avenue of progress and what plans we could 
formulate for the future of the College. He gave 
us all a feeling of urgency and pressure, with 
a positive direction for growth and expansion 
that would insure the future of the College 
in the national picture of cardiology. 

Our new President brought from Philadelphia 
a firm of consulting accountants and a special 
counsel, a man with broad organizational back- 
ground. These men combed into the history 
of the College and checked the efficiency of every 
function. This group was interested, not in 
medicine, but in corporate structure and ac- 
counting, something the Trustees, as physicians, 
had found outside their sphere of interest and 
therefore had discounted in importance. The 
Trustees Meetings were held twice a month at 
that time and following the specific recom- 
mendations of the special counselor and the 
auditors it was decided to centralize and con- 
solidate as many functions as possible of the 
executive work of the College; to gather all 
the records. and books, all the publications, the 
seals, the charters, the rosters of the Secretary 
and of the Treasurer, the membership credential 
blanks, the candidates’ records and all the 
minutes into one Central Executive Office. 
This was accomplished over a period of months 
and the wisdom of the plan was not only ap- 
parent almost immediately but it must be re- 
garded as responsible for the basic stability of 
the College as a national corporate structure. 
This was a thoroughly professional job. 

The third annual convention over which Bob 
Glover presided was held at the Conrad Hilton 
Hotel in Chicago in May 1954. The program 
was arranged by Bruno Kisch, Chairman of the 
Program Committee; a preconvention pro- 
gram was put on by the scientific session of the 
Chicago Heart Association under the Chair- 
manship of Clayton Lundy and Walter S. 
Priest. George Wakerlin, the present Medical 


> 
on 
P 
4 
‘one 
; 
j 
by 
469 


470 College News 


Director of the American Heart Association, 


was on that Chicago committee. The technical 
exhibits had been arranged by Seymour Fiske, 
the banquet speaker was Dr. Austin Smith, 
Editor of the Journal of the American Medical 
Association. 

It was apparent at this convention that what 
had happened to the College during Glover’s 
administration was something more than merely 
the administrative reorganization. The pro- 
gram was studded with great names in Amer- 
ican cardiology and each scientific session was 
a thorough discussion of a single cardiological 
topic with ample time for questions and an- 
swers; and this has been a characteristic of the 
College programs ever since. 

Much-as Glover had done for the College 
during his administration, he was by no means 
through. After he had passed the gavel to 
Ashton Graybiel on May 29, 1954, Glover 
became an active and efficient committee chair- 
man and trustee. He was fired with the mis- 
sion of the College; he brought in as Fellows 
many of his eminent colleagues, and as a per- 
ennial member of the budget and finance com- 


mittee he saw to it that the creative work that 
he had done in stabilizing the administration 
of the College was not easily disturbed. 

Dr. Glover led an unusually active profes- 
sional life but was never too busy to take on an 
extra job. Many times when I telephoned his 
office in Philadelphia and he was absent, his 
secretary traced his movements and my call 
might be completed in Houston or Seattle. 
Bob’s voice always came back with a clear and 
friendly, ‘“What can I do for you now?” 

Bob worked out the College budgets year 
after year and presented them at the Trustees’ 
Meetings. When he was forced to be absent, 
he never failed to send in a complete written 
report. All of this is part of the written records 
in the Archives of the College. 

We have lost a Fellow to whom Fellowship 
meant warmth and active help. If we close 
ranks and move forward from this point, there 
will always remain many things to remind us 
that Robert Prentice Glover had been one of us. 


Puitip REICHERT, M.D., F.A.C.C. 
Historian of the College 


date is May 27. 


able. 


agent. 


POST-CONVENTION CRUISE 


The program committee has arranged for a gala post-convention 
cruise to Nassau on the M.S. Italia sailing from New York City at 
4 p.m. on May 20, following the closing of the annual meeting. Return 

It is hoped to have a group of eighty. Good space is still avail- 


Reservations for this cruise can be made through Marsh Tours Inc., 
630 Fifth Avenue, New York, New York, or through your local travel 
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FOR ANGINA 


Nitroglycerin is the drug of 
choice for the ACUTE ATTACK 


may well be chosen for 
PROLONGED PROPHYLAXIS 


“...the magnitude of the response to 15 mg. [‘Cardilate’] was 
comparable to that following nitroglycerin. ...The comparatively 


prolonged duration of action of erythrol tetranitrate when given 
sublingually makes it especially valuable for clinical use.” 


“Nitroglycerin and erythrol tetranitrate when administered sub- 
lingually are among the most potent of all prophylactic agents 


available for the treatment of patients with angina pectoris.” 


“Erythrol tetranitrate exhibits an inherent long-acting vasodilat- 
ing effect. Therefore it is the drug of choice in angina pectoris.” 


‘CARDILATE? brana 


Erythrol Tetranitrate Sublingual Tablets 


Ela 2. Russek, H.I.: Circulation 
| NEW } 5 mg., scored J 18:774 (Oct.) 1958. 


15 mg., scored ( 


ottles of 100 tablets. 3. Hirshleifer, I., et al.: Scien- 
Bottles ablets tifie Exhibit, A.M.A., Atlantic 


‘ Complete literature available on request. City, N. J., June, 1959. 


Bra BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 
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EIGHT REDUCTION PLAN 


REPLACEMEN 


THE CARNATION WEIGHT REDUCTION PLAN 


This Plan is a new meal-replacement weight reduction regimen 
based on delicious milk products plus a standard multi- 
vitamin-mineral preparation. 


Carnation’s nutritionally-balanced meal-replacement Plan 
supplies 1000 calories and 70 grams of high quality protein. 


EASY FOR PATIENTS TO MAKE 


TAKE 1 standard multi-vitamin-mineral preparation each day. 
MIX one day’s supply (4 glassfuls) of Carnation Plan For- 
mula by stirring together in a container larger than 
a quart: 
1% cups CARNATION INSTANT NONFAT DRY 
MILK 
1 quart WHOLE MILK 
If desired, flavor with instant coffee or a variety of 
extracts. 
Chocolate flavoring adds 30 calories per teaspoonful. 


OR for a Single Glass: Mix a generous % cup Carnation 
Instant with 1 cup whole milk. 


COSTS ONLY 44¢ A DAY 


The total expense for the Carnation Weight Reduction Plan 
‘—including the multi-vitamin-mineral preparation—is 44¢ 
a day. Compare this to the price dieters pay for the largest- 
selling pre-mixed product. 


TASTES NATURALLY DELICIOUS 


Because the Carnation Plan Formula is based on fine, pure 
dairy products, it has a fresh milk flavor. Patients can vary 
this flavor by simply adding 3 to 4 teaspoons of instant coffee, 
or 1% teaspoons of any of their favorite extracts, like vanilla, 


per quart. 
AN EFFECTIVE, FLEXIBLE PLAN 


The Carnation Weight Reduction Plan provides balanced 
nutrition. Providing 1000 calories a day, the Plan gives the 
dieter 70 grams of high-quality, hunger-appeasing protein. 
This concentration of protein helps satisfy the appetite, and 
at the same time, keeps up the dieter’s energy. The Plan 
meets the Daily Adult Requirement for all vitamins and 
minerals with established minimums. 
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The physician prescribes the multi-vitamin-mineral prep- 
aration to supply the vitamin-mineral elements outside the 
basic food drink. The physician may also wish to vary the 
number of meals the dieter replaces with the Carnation Plan 
Formula and the number of days the patient stays on the 
regimen. In this way the physician is given the opportunity 
to adjust the regimen of the dieter to suit the needs of each 
individual patient. 

BULK—TO PROTECT AGAINST CONSTIPATION 
Dieters can snack with low-calorie vegetables and greens like 
celery, cucumbers, radishes, green pepper, lettuce. These 
snacks are welcomed by the dieter, and they aid regularity. 
Coffee and tea (without sugar and cream) may be used. 
Plenty of water is generally recommended. 

FOR ALL DIET-CONSCIOUS PATIENTS 
Carnation Nonfat Dry Milk can be recommended apart from 
a meal-replacement diet. All patients interested in weight 
control can get important protein, calcium, and B-vitamins 
the low-calorie way. Only 81 calories in an 8-ounce glass of 
regular Carnation Instant Nonfat Dry Milk. 


Four glasses of the Carnation Weight Reduction For- 
mula and the vitamin-mineral supplement* answer the 
Minimum Daily Adult Requirement for all known vita- 
mins and minerals. Besides 70 grams of high-quality 
protein, 100 grams of carbohydrate, and 36.8 grams of 
fat, the Carnation Weight Reduction Plan provides: 


*Calculations are based on a standard multi-vitamin-mineral 

supplement, 1% cups Carnation Instant Nonfat Dry Milk, 

an: 1 quart of whole milk. 

**M.D.R. (Minimum Daily Requirement) has not been 
established. 


: Multiples : 
of M.D.R. 
: Vitamin A 6540 Units 13 : 
: Vitamin D 500 Units Ls. 
: Ascorbic Acid (C) 76 Mg. 2.5 ¢ 
: Thiamin (B)) 5.77 Mg. $.7°% 
: Riboflavin (Bg) 8.6 Mg. Bee 
: Niacinamide 16.8 Mg. 16° 
Tron 11.8 Mg. 
: Calcium 2.7 Gm. 
: Phosphorus 2.1 Gm. 2.8 
Iodine 0.56 Mg. 5.6 
Pyridoxine (Bg) 1.42 Mg. 
: Ca Pantothenate 11.8 Mg. Yack 
: Vitamin Bj2 2.0 Mcg. 
: Vitamin E 10.6 Units eed 
Sodium 1.1 Gm. 
: Potassium 3.0 Gm. 
: Manganese 1.0 Mg. 2 
: Magnesium 1.3 Gm. 7S 
: Copper 1.6 Mg. os 
Zinc 8.0 Mg. 
: Calories 1000 . 


¢ FOR CONVENIENCE: CARNATION WEIGHT 
REDUCTION PLAN FOLDERS FOR YOUR PATIENTS 


They describe the Plan fully, 
concisely. Give complete direc- 
tions. Save your valuable time. 
Generous supply of folders in unique 
tear-out pad. Simply write to 
Carnation Company, Dept. KLI, Los & 
Angeles 19, California. 
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“First in the hearts’ 
of cardiac patients 


HETERS 


Bs, 


A.C.M.1. was the first to introduce nylon woven 
catheters in the United States — originally for 
ureteral use — later for cardiac catheterization. 


A.C.M.1.’s nylon woven cardiac catheters are 
preferred for smoothness combined with flexibility. 
Lengths: 30 cm. to 150 cm. Thin-walled, radiopaque. 


A.C.M.L’s polyethylene cardiac catheters provide 
a smoother and larger lumen for collection of 
blood samples and the rapid injection of contrast 

media. Other types too-are under development. 


oe A triumph of technical skill — all A.C.MLL cardiac 
catheters have earned the confidence of the medical 
profession through their consistently superior quality. 


Nylon woven 
cardiac catheters 


FREDERICK J. WALLACE, President 


8 PELHAM PARKWAY, PELHAM MANOR, N. Y. 


— 
\ 
4 
fs 
: 
on 
= 
‘A, 


Protects the angina patient 
better than vasodilators alone 


Unless the coronary patient’s ever-present 
anxiety about his condition can be 
controlled, it can easily induce an 
anginal attack or, in cases of myocardial 
infarction, can delay recovery. 


This is why Miltrate gives better 
protection for the heart than vasodilators 
alone in coronary insufficiency, angina 
pectoris and postmyocardial infarction. 


Miltrate contains PETN (pentaerythritol 
tetranitrate), acknowledged as basic 
therapy for long-acting vasodilation. ... 


REFERENCES: 1. Ellis, L. B. et al.: Circulation 17:945, May 1958. 
2. Friedlander, H. S.: Am. J. Cardiol. 1:395, Mar. 1958. 8. Riseman, 
J.E.F.: New England J. Med. 261:1017, Nov. 12, 1959. 4. Russek, H. I. 
et al.: Circulation 12:169, Aug. 1955. &. Russek, H. I.: Am. J. Cardiol. 
3:547, April 1959. @. Tortora, A. R.: Delaware M. J. 30:298, Oct. 1958. 
7%. Waldman, S. and Pelner, L.: Am. Pract. & Digest Treat. 8:1075, 
July 1957. 


Supplied: Bottles of 50 tablets. Each tablet contains 200 mg. 
Miltown and 10 mg. pentaerythritol tetranitrate. 


: 1 or 2 tablets q.i.d. before meals and at bedtime, 
according to individual requirements. CML-3619 


What is more important—Miltrate provides 
Miltown, a tranquilizer which, unlike 
phenobarbital, relieves tension in the 
apprehensive angina patient without 
inducing daytime fogginess. 

Thus, your patient’s cardiac reserve is 
protected against his fear and concern 
about his condition; his operative arteries 
are dilated to enhance myocardial blood 
supply—and he can carry on normal 
activities more effectively since his mental 
acuity is unimpaired by barbiturates. 


Miltrate 


Miltown® (meprobamate) + PETN 


(i WALLACE LABORATORIES / Cranbury, N. J. 
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A recent independent study made by a 
professional consultant found in 10 out- 
standing college food, nutrition, and 
health textbooks that, without excep- 
tion, among other breakfasts, a basic 
cereal breakfast, mostly based on the 
Iowa Breakfast Studies* appeared in 


every textbook examined. 

These studies, originated in 1948 by 
the College of Medicine at the State 
University of Iowa, demonstrated that 
an adequate breakfast was beneficial, 


whereas previously only opinion 


prevailed. 


*A Summary of the Iowa Breakfast Studies, published by Cereal Institute, Inc., May 1, 1957. 


CEREAL INSTITUTE, INC. 


135 South LaSalle Street, Chicago 3 


A research and educational endeavor devoted to the betterment of national nutrition 


cereals are low in fat 
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Introducing new therapy for 


hypertension 


congestive failure 


lowers blood pressure 
drains excess water 


calms apprehension 


Now the most widely prescribed 
diuretic-antihypertensive, hydro- 
chlorothiazide, is combined with 
the most widely prescribed tran- 
quilizer, meprobamate. It is called 
“Miluretic”, and constitutes new 
therapy for hypertension and con- 
gestive failure — especially when 
emotional factors complicate 
treatment. 


What does Miluretic do? Both 


components are of proven value in 


the management of hypertension. In 
congestive failure, Miluretic pro- 
vides smooth, continuous diuresis. 
But Miluretic’s biggest advantage 
is that it tranquilizes hypertensive 
and edematous patients safely and 
quickly—a boon to the physician 
whose patients’ emotional reaction 
to their condition complicates 
therapy. Unlike Rauwolfia com- 
pounds, Miluretic does not cause 
depression or nasal congestion. 


Miluretic’ 


MILTOWN® + HYDROCHLOROTHIAZIDE 


Composition: 200 mg. Miltown (meprobamate, Wallace) 


+ 25 mg. hydrochlorothiazide 


Dosage: For hypertension, 1 tablet four times a day. For 
congestive failure, 2 tablets four times a day. 


Supplied: Bottles of 50 white, scored tablets 


Available at all pharmacies 


Write for samples and complete literature to 


*Trade-mark 
CHY-3682 
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“nutrition ... present as a modifying or complicating 
factor in nearly every illness or disease state.” 


SQUIBB VITAMINS FOR THERAPY 


clinically-formulated and potency-protected vitamins for your patients 
with cardiac disease who need therapeutic vitamin support 


@@ Who can say, for example, 
whether the patient chronically ill with myocardial 
failure may not have a poorer myocardium because 
of a moderate deficiency in the vitamin B-complex ? 
Something is known of the relationship of vitamin C 
to the intercellular ground substance and repair of 
tissues. One may speculate upon the effects of a 
deficiency of this vitamin, short of scurvy, upon the 
tissues in chronic disease. 


Each Theragran supplies the essential vitamins in truly therapeutic amounts: 


Thiamine Mononitrate. . .. . . . 10mg. 
Fynaoxine Hydrochloride... .. . . dmg. 
rantothenate ... . .. . 20mg. 


For full information see your Squibb Product Reference or Product Brief. 1 Youmans, J, B.; Am. J. Med, 26:659 (Nov,) 1958. 
2. Kampmeier, R. H.: Am. J. Med, 25:662 (Nov.) 1958. 


i Squibb Quality —the Priceless Ingredient 


Theragran’® is a Squibb Trademark 
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SQUIBB 


one dose of 


DURA-TAB S.M: 


exclusive oral Sustained Medication* 
Quinidine Gluconate (5 gr.) 


maintains normal sinus rhythm 
in cardiac arrhythmias 


Dosage with Quinaglute Dura-Tab S.M. is ‘‘relatively 
simple.’’! One dose q. 12 h. maintains effective, 
uniform quinidine blood levels around the clock, all 
night, all day. There are no valleys in blood concen- 
tration where arrhythmias tend to recur. 


Better tolerated — because quinidine gluconate is 
ten times as soluble as quinidine sulfate—and eas- 
ier on the g.i. tract. And because only a fraction of 
the daily dose of Quinaglute Dura-Tab S.M. is 
released in the stomach. 


A quinidine of choice in control of atrial fibril- 
lation, flutter, premature contraction, auricular 
tachycardia.!4 Bottles of 30, 100 and 250. 
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write for SAMPLES and literature 

WYN PHARMACAL 
CORPORATION 

Lancaster Ave. at 51st St., Phila. 31, Pa. 


Also available: INJECTABLE QUINAGLUTE 
*U.S. Patent 2,895,881 


1. Bellet, S., Finkelstein, D., 
and Gilmore, H.: A.M.A. 
Arch. Int. Med. 100:750, 1957. 


2. Bellet, S.: Amer. Heart J. 
56:479, 1958. 


3. Finkelstein, D.: Penn. Med. J. PAGE 821 
61:1216, 1958. 


4. Bellet, S.: Amer. J. Cardiology 
4:268, 1959. 


the whole night through 
pa 
3 
+ 
REFER TQ 
PDR 
a 
= ~ 
be 
4 


WALKER 


HEDULIN is the trademark for the Walker brand of phenindione. 50 mg. scored tablets for therapeutic 


use; 20 mg. scored tablets for prophylactic use. Bottles of 100 and 1,000. For more detailed informa- 


tion and a clinical trial supply of Hedulin, write to Walker Laboratories, Inc., Mount Vernon, N. Y. 
1, Breneman, G. M., and Priest, E. McC.: Am. Heart J. 50:129 (July) 1955. 2, Tandowsky, R. M.: Am. J. Cardiol, 3:551 (April) 1959. 
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screening without darkness 


The revolutionary MARCONI IMAGE AMPLIFIERS are being 
introduced for the first time on the North American Continent. 

SCREENING WITHOUT DARKNESS by the use of a 12” 
FLAT SCREEN is an entirely new approach to the problem of 
improving the information factor of fluoroscopic images. The use 
of the television image orthicon tube opens up enormous fields of 


application. 


Amplifier will operate four monitors at the same time. 
Useful for consultations and in teaching hospitals. 

The cine camera facility makes it possible for the 
first time to produce continuous record of the large 
fluoroscopic image at doses tolerable to the patient. 


Cine recording is done by using fluoroscopic Ma... 
can be used on 16 or 35 m.m. films as well as 100 m.m. 
spot films. 


Simultaneous fluoroscopy and recording. 

Fine grain 24 ASA film is used. 

Amplifier can be attached to any standard X-Ray table. 
TV circuitry is 1034 line triple interlaced. 

Orthicon lens 0.68. 


COMPLETE DETAILS WILL BE SENT ON REQUEST. 


THE MARCONI IMAGE AMPLIFIER IS SIMPLE TO OPERATE... 


PLEASE WRITE TO 
Box 306 In Canada 
Gracie Station 1400 Don Mills Road 


New York 28, N.Y. Don Mills, Ontario 
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a new agent to lyse thrombi 


LYOVAC® FIBRINOLYSIN (HUMAN) 


Clot may form 
permanent 
obstruction to 
blood flow. New 
clots may form. 


| 
| 
Effect on intravascular thrombi . 


Sudden death from 
pulmonary embolism 
is an ever-present 
hazard. One or more 
nonfatal pulmonary 
emboli may result in 
irreversible lung 
damage or secondary 
pneumonia. 


Effect on pulmonary emboli 


Weeks of 
hospitalization or 

bed rest at home are 
commonly required 

in the management 

of thrombophlebitis, 
phlebothrombosis, 
pulmonary embolism, 
and arterial thrombosis. 


Effect on duration of 
illness and convalescence 


Chronic leg swelling, 


| 

of postphiebitic syndrome’ leg ulcers are 
common sequelae. 
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In thrombophlebitis, phlebothrombosis, pulmonary embolism, and certain 

arterial thrombi*, THROMBOLYSIN makes possible 

- lysis of formed clots « reduced mortality and morbidity, shortened hospitalization 
- reduced incidence of postphlebitic complications 

usually fewer severe untoward reactions, such as fever, chills, or malaise; 

higher degree of safety; greater, more predictable potency. 


Supply : Each vial contains 50,000 MSD units. 
*Arterial thrombosis with the exception of cerebral or coronary thrombosis. 


Anticoagulant + Bed rest | THROMBOLYSIN + Anticoagulant + Bedrest | 
Anticoagulants Recently formed intra- 
cannot remove vascular clots are usu-| 
formed clot. ally lysed rapidly and | 


the formation of new 
clots may be inhibited. | 
Circulation is usually | 
restored and main- 
tained, with rapid 

symptomatic relief. 


However, they may 
help prevent its 
extension and may 
minimize formation 
of new clots. 


The incidence and 
severity of pulmonary 
emboli should be 
greatly reduced since 


The careful use of 
anticoagulants may 


THROMBOLYSIN may 
issolve thrombi 
pulmonary emboli. before they can 
become emboli. 
| 
A reduction may 
coalescence 
may be shortened. bed rest, and | 
convalescence. 
| 
The and Postphlebitic 
ebitic be prevented or 
may minimized. 
reduced. | 
| 
1 


4 6 For additional information, write to Professional Services, Merck Sharp & Dohme, West Point, Pa. 
MERCK SHARP & DOHME, DIVISION OF MERCK & CO., Inc., WEST POINT, PA. 


THROMBOLYSIN IS A TRADEMARK OF MERCK & CO., INC. 
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Lead fI: at rest. Lead it: 1% minutes after 10 mg. TENUATE 5 minutes after injection. 
i.v.—equivalent to 100 mg. oral dose (4 times 
the recommended oral dose). 


with Tenuate, ECG fluctuation is insignificant’ 


hunger ¢ control wth 
less than 1% CNS stimulation 


TENUATE suppresses appetite with unique ad- 
vantages for “specia! risk” patients: no effect 
on heart rate, blood pressure, pulse or respira- 
tion,' no alteration of BMR.? 


Dosage: One 25 mg. Tablet one hour before meals, or 
1 mew TENUATE DOSPAN Tablet (75 mg.) daily, in mid- 
morning, swallowed whole. An additional 25 mg. 
Tablet may be taken in midevening to control night- 
time hunger. 


Supply: TENVATE Tablets (25 mg. each), bottles of 
100 and 1000; TENUATE DOSPAN Tablets (75 mg. each), 
bottles of 100. 


References: 1. Alfaro, R. D.; Gracanin, V. and Schlueter, E.: 
J. Lancet (in press). 2. Huels, G.: Michigan Acad, Gen, Pract. 
Symposium, Detroit, 1959. 3. Horwitz, S.: Personal communication, 
1959. 4. Spielman, A. D.: Michigan Acad. Gen. Pract. Symposium, 
Detroit, 1959. 5. Ravetz, E.: Michigan Acad, Gen, Pract. Sym- 
posium, Detroit, 1959. 6. Decina, L. J.: Exper. Med. & Surg. fin 


THE WM. S. MERRELL COMPANY 


press). 7. Scanian, J. S.: Personal communication, 1959, 8. Kroetz Division of Richardson-Merrell Inc 
and Storck: Personal communication, 1959, Stn Cee Cincinnati, Ohio > We aston, Ontario 


TRADEMARKS: TENUATE®, DOSPAN® (MERRELL’S CONTIN RELEASE DOSAGE Form) 
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NEW 
EDITION 


MODERN DRUG 
ENCYCLOPEDIA 


and Therapeutic Index with monthly supplement MODERN DRUGS 


The only complete reference on new 
as well as established products. 


Quickly answers questions about ethical pharmaceuticals. 


MODERN DRUG ENCYCLOPEDIA, 


8th Edition, an authoritative source of information 
on new and established pharmaceuticals. Gives you 
pertinent facts in concise form. Supplies facts you 
want to know to prescribe the new products with 
confidence. No struggle to keep cumbersome files up 
to date—just one compact bound volume and a 
compact binder for the monthly supplements. 


MODERN DRUGS 


A monthly supplement, with Robert S. Goodhart, 
M.D. as supervising editor, and John C. Helenore, 
Ph.G. as technical editor, supplies the same complete 
information on new pharmaceuticals as soon as they 
are available on your prescription. A convenient 
binder keeps the 24 issues together. Cumulative in- 
dices in each issue help you find any product listed in 


previous months. 


ORDER 
YOUR 
MODERN DRUG 
ENCYCLOPEDIA 
TODAY 


PHYSICIAN'S “ 
REFERENCE 
LIBRARY 

IN ONE VOLUME 
KEPT 
UP-TO-DATE 
MONTHLY | 


The Reuben H. Donnelley Corp., Publisher 
MODERN DRUG ENCYCLOPEDIA 
466 Lexington Avenue, New York 17, N.Y. 


Enclosed is $17.50* for my 8th Edition of MODERN DRUG ENCYCLOPEDIA and 
LJ Therapeutic Index and the Monthly Supplement— MODERN DRUGS. 


4 


[] Enclosed also is $3.50 for binder for MODERN DRUGS Monthly Supplement. 
For delivery in N.Y.C., please include 3% Sales Tax with remittance. 


Name 


Address 


City. Zone State 


U.S.A. $17.50 Foreign $23.50 (U.S. Currency) 
Please make checks payable to The Reuben H. Donnelley Corporation 


*includes 2-year supplementary service at $5.00 per year ($6.00 Foreign) 
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Hygroton’ 


brand of chlorthalidone 


in hypertension and edema, 
longer in action 
smoother in effect 


Longer action! provides smooth, evenly-sustained therapeutic effect.2 m Potent 
antihypertensive properties facilitate effective treatment of hypertension, frequently 
without auxiliary agents.? m Safeguards against significant potassium loss.*  Inten- 
sity of saluretic action enables liberalization of dietary salt restriction.? m Simplified 
dosage schedule affords economy of maintenance on just 3 doses per week.? 


References: 1. Ford, R. V.: Current Therap. Research 2:347, 1960. 2. Fuchs, M., and others: Current Therap. Research 

2:11, 1960. 3. Ford, R. V.: Connecticut Med. 24:704-707, (Nov.) 1960. 4. Ford, R. V.: Texas State J. Med. 56:343, 1960. 

Detailed literature available on request. 

Hygroton®, brand of chiorthalidone, is available as white, single-scored tablets of 100 mg. G 6 
Geiny HY573-61 


Geigy Pharmaceuticals, Division of Geigy Chemical Corporation, Ardsley, New York 
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Advertisers’ Product Index 


March, 1961 


Abbott Laboratories 
Enduron*...........Inserting facing page 16 


American Cystoscope Makers, Inc. 


Amfre-Grant, Inc. 


Burroughs Wellcome & Co. (U.S.A.), Inc. 
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Cee Bee Services 

45 
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Ciba Pharmaceutical Products, Inc. 

Serpasil-Apresoline*................. 21 
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Geigy Company 
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Cyanamid Co. 


Thos. Leeming & Co., Inc. 


Eli Lilly & Company 


Merck Sharp & Dohme, Div. Merck & Co., 
Inc. 


The Wm. S. Merrell Company 

Minneapolis-Honeywell 

Electronic Medical Equipment....... 28-29 
Ortho Pharmaceutical Corp. 


Pitman-Moore, Div. of Allied Laboratories, 
Inc. 


Riker Laboratories, Inc. 


Roche Laboratories, Div. of Hoffmann-La- 
Roche, Inc. 


Sanborn Company 

Cardiac Equipment. ..............+. 16 
Schering Corporation 

G. D. Searle & Co. 

E. R. Squibb & Sons, Div. of Mathieson 
Chemical Corp. 

Charles C Thomas, Publisher 

Walker Laboratories, Inc. 


(Continued on next page) 


* Complete description of starred drugs will be found in 
MODERN DRUGS and THE MODERN DRUG ENCYCLOPEDIA 
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Wallace Laboratories 


Warner-Chilcott Laboratories 


Winthrop Laboratories 


Wynn Pharmacal Corp. 


* Complete description of starred drugs will be found in 
MODERN DRUGS and THE MODERN DRUG ENCYCLOPEDIA 


ADVERTISING REPRESENTATIVE 


New York 
P. D. Brewer, R. P. Davis, 


Chicago 
R. H. Andrew, C. P. Haffner 


L. F. LeJacq, J. S. Richards on ee, Telephone WAbash 2-7738 
Telephone Oregon 9-4000 ‘QD: 

2 
San Francisco *ecat” Los Angeles 


Blanchard-Nichols Associates 
Telephone YUkon 6-6341 


Blanchard-Nichols Associates 
Telephone DUnkirk 8-6134 
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blood pressure . 


Rautrax-N lowers high blood pressure gently, 
gradually ... protects against sharp fluctuations 
in the normal pressure swing. Rautrax-N com- 
bines Raudixin, the cornerstone of antihyperten- 
sive therapy, with Naturetin, the new, safer 
diuretic-antihypertensive agent. The comple- 
mentary action of the components permits a 
lower dose of each thus reducing the incidence 
of side effects. The result: Maximum effective- 
ness, minimal dosage, enhanced safety. Rautrax-N 
also contains potassium chloride — for added 
protection against possible potassium depletion 
during maintenance therapy. 


Supply: Rautrax-N — capsule-shaped tablets — 
50 mg. Raudixin, 4 mg. Naturetin, and 400 mg. 
potassium chloride. Rautrax-N Modified — cap- 
sule-shaped tablets—50 mg. Raudixin, 2 mg. 
Naturetin, and 400 mg. potassium chloride. For 
complete information write Squibb, 745 Fifth 
Avenue, New York 22, N. Y. 


Squibb The 


Squibb Standardized Whole Root Rauwolfia Serpentina (Raudixin) 
and Benzydroflumethiazide (*Naturetin) with Potassium Chloride SQUIBB 


ravovun,® rautaax,® ANO ® anc squiee 
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acts directly on 

peripheral arterial walls... 
produces gradual, 
sustained vasodilatation 
without disturbing 


hemodynamics 


in peripheral vascular disease 


Cyclospasmol is more effective in the treatment of 
arteriosclerosis obliterans and for the relief of inter- 
mittent claudication than sympatholytic and adren- 
ergic blocking agents, because it acts directly on the 
arterial musculature. 


m does not produce tachycardia, syncope or hypo- 
tension—may be used with safety in most patients 
having cerebral and coronary vascular diseases. 


m dilates the deeper arteries as well as the superficial 
vessels to improve blood flow to the extremities. 


@ orally effective; produces a gradually increasing 
vasodilatation—aids in the healing of trophic leg 
ulcers. 

Dosage: Usual dosage is two tablets (200 mg.) four 
times daily. Dosage range is from one to three tablets, 
q.i.d. Continued therapy and individualized dosage, 
depending upon response, is necessary for maximum 
effectiveness. Supply: 100 mg. tablets, bottles of 100. 


References: 1. Council on Drugs, New and Nonofficial Drugs, 
J.A.M.A. 170:1670, 1959. 2. Leslie, Robert E.: Effects of Cyclan- 
delate (Cyclospasmol®) In Treatment of Circulatory Disturbances, 
Tex. J. Med. 56:352-356, 1960. 3. Popkin, R. J.: Combined 
Vasodilator Therapy in Peripheral Vascular Diseases, J. Am. 
Geriatrics Soc. VIII: 638-643, 1960. 4. Van Wijk, T. W.: Angiology 
4:103, 1953. 5. Gillhespy, R. O.: Brit. M. J. 2:1543, 1957. 6. Gil- 
Ihespy, R. O.: Angiology 7:27, 1956. 


Professional literature and samples available on request 


IVES-CAMERON COMPANY | 
New York 16, N. Y. 


*Trademark 
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If postcoronary management is 
of special interest to you, 
consider the demonstrated value 
of sublingual heparin . . . 


“In a controlled clinical study of 260 postcoronary 
patients, one-half were given sublingual heparin and 
one-half received conventional treatment. During 
the period of observation, averaging more than 2 
years per patient, there were 12 recurrent infarctions 
in the heparin-treated group and 38 in the control 


group. This difference is statistically significant.” 
Fuller, H. L.: Angiology 77:200 (June) 1960. 


Simple and safe for long-term therapy, Clarin* (sublingual heparin) effectively con- 
trols the prolonged postprandial lipemia associated with atherosclerosis by facilitating 
the normal physiologic breakdown of fats. Unlike parenteral heparin, the use of Clarin 
requires no clotting-time or prothrombin determinations. The antilipemic activity of 
each manufactured lot of tablets is confirmed by sublingual control tests in animals. 
Indication: For the management of hyperlipemia 
associated with atherosclerosis, especially in the 
postcoronary patient. Dosage: After each meal, 
hold one tablet under the tongue until dissolved. 


Supplied: Bottles of 50 pink, sublingual tablets, 
each containing 1500 I.U. heparin potassium. 


Clarin 


An informative booklet, “Hyperlipemia, Heparin 
and Management of the Postcoronary Patient,” (sublingual heparin potassium. Leeming) 
is available from Thos. Leeming & Co., Inc.., 
155 East 44th St., New York 17, N. Y. 


*Registered trade mark. Patent applied for. 
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trouble-free 


worry-free Just 


for the 


hypertensive patient 


2 tablets 
at bedtime 


for the 


physician 


— Eight years of continuous use...some 600,000,000 
patient-days of effective, safe therapy with RAUWILOID 


...prove enduring patient-acceptance and physician- 
satisfaction ... without any revisions of claims, changes of 
dosage, or additional side actions encountered. 


RAUWILOID 
is an original development of 
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